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Summary of Proceedings of the 51st Annual Meeting 


Due 5ist ANNUAL CONVENTION of the American 
Foundrymen’s Association was held in Detroit, Mich- 
igan, April 28 to May 1, 1947 without exhibits. It 
set a new record for attendance at a non-exhibit con 
vention, approximately 5,000 attending. 

There were 60 technical papers and committee re- 
ports, 8 gray iron and sand shop course sessions, and 
5 round table discussion sessions. In all, there were 
14 sessions of technical interest. Meetings were held 
at the Horace H. Rackham Educational Memorial, 
Hotel Statler and the Book-Cadillac Hotel. The first 
Charles Edgar Hoyt Annual Lecture, formerly known 
\.F.A. Foundation Lecture was delivered by 
Dr. James TP. MacKenzie, Director, American Cast Lron 
Pipe Co., Birmingham, Ala., and A.F.A. Gold Medalist 
of 1937. His subject was The Cupola Furnace. 

Formal opening of the convention took place on 
schedule, April 28, in Detroit's Rackham Memorial 
building with A. H. Allen, Penton Publishing Co., 
weicoming the visiting foundrymen in behalf of the 
Detroit chapter of A.F.A. Mayor Edward J. Jeffries, ]r., 
extended the city’s official welcome, assuring the found 
ryvmen they were assembled in an industrial area where 
a revolution in mechanized operation is in progress and 
where the problems of the foundry industry are under 


as the 


stood. 
\ summary of the various sessions follows: 


ALUMINUM AND MAGNESIUM SESSION 


Monday, April 28, 10:00 A.M 
Presidi W. FE. Sicha, Aluminum Co. of America, Cleveland 
Co-Chairman—]. ¢ DeHaven, Battell Memorial Institute 
Columbus 
Influence of Inclusions Properties of Sand Cast Aluminum 
Base All \. W. Dana, L. J. Ebert, and G. Sachs, Case Institute 
of Technology, Cleveland 
Some Causes of Pinhole Blows in Magnesium Alloy Castings 
H. H. Fairfiekl and A. E. Murten, Bureau of Mines, Ottawa, 
Canada 
\IALLEABLE SESSION 
| a Ipril 28, 10:00 A.M 
Presidiy C. F. Joseph, Central Foundry Div., General Motors 
Corp., Saginaw, Mich 


Co-Chairman—W. D. McMillan, International Harvester Co., 
McCormick Works, Chicago 
VMalleable lron Finishing—I M. Strick, Erie Malleable Iron 
\ Co., Erie, Pa 
Malleable Foundry Finishing and Inspection—T. E. Poulson, 
Belle City Malleable Tron Co., Racine, Wis. 


GENERAL MEETING 
Monday, April 28, 2:00 P.M. 
Presiding—S. V. Wood, President, American Foundrymen’s 


\ssociation 
Greetings of Host Chapter—A. H. Allen, Chairman, Detroit 
Chapter A.F.A 
Ojficial Welcome—Hon. Edward J. Jeffries, Jr., Mayor of the 
City of Detroit 
Speaker—George 1 
Car Co., Detroit 
Subject—Why the Importance of the Foundry Industry. 


Christopher, President, Packard Motor 


ALUMINUM AND MAGNESIUM SESSION 


Monday, April 28, 4:00 P.M. 


Corp leterboro N.] 
( Chatrmar W. Mader, Oberdorfer Foundries, Syracuse, N.\ 
Effect of Room Temperature Intervals Between Quenching 


d Aging of Aluminum Sand Casting Alloys--R. A. Quadt, Fede) 
American Smelting & Refining Co., Perth Am 


ited Metals Div.., 


bov. N | 
Methods of Impregnation to Leakproof Aluminum and Mag 


nesium <A Castings—t \ Blackmun, Aluminum Co 


America, Cleveland 


EDUCATIONAL SESSION 


Vonday, Ipril 28, 4:00 P.M. 
Presiding—F. C. Cech, Cleveland Trade School. Cleveland. 
B. D. Claffey, General Malleable Corp., Wau 


Co-Chairman 
kesha, Wis 

Vanagement Looks at Training—R. S. Falk, Falk Corp., Mil 
waukee 


Foundry Training Course for Colle ve Graduates A. W. Gregg 


Whiting Corp., Harvey, III. 
Foreman Training—S G. Garry, Caterpillan Tractor Co., Peoria 


MALLEABLE SESSION 


Monday, Aprii 28, 4:00 P.M. 
Presiding—R. ]. Anderson, Belle City Malleable Iron Co., Ra 


cine, Wis 
Co-Chairman—]. A. Durr, Albion Malleable Iron Co., Albion 


Mich 

Material Handling in a Malleable Foundry Processing Depart 
ment—N. J. Henke, Saginaw Malleable Div., General Motors 
Corp., Saginaw 

Mechanized Malleable Foundry Finishing and Inspecti 
D. F. Sawtelle, Malleable Iron Fittings Co., Branford, Conn. 


GRAY IRON SHOP CouRSE (SESSION 1) 


Monday, April 28, 4:00 P.M. 
Presidi FE. J. Burke, Hanna Furnace Corp., Buffalo 
Co-Chairman—]. E. Coon, Packard Motor Car Co., Detroit. 
Subject—Va ables Affecting Carbon Control in ¢ upola O pe 


Discussion Leader—W. W. Levi, Lynchburg Foundry & Ma 
hine Co., Radford, Va 


EDUCATIONAL. SESSION AND DINNER 


Monday, April 28, 7:00 P.M. 
Presiding—A. W. Gregg, Whiting Corp., Harvey, III. 
Co-Chairman—F. G. Sefing, International Nickel Co., New Yor! 
Speaker—Dr. R. L. Lee, General Motors Corp., Detroit. 
Subject—Management’s Stake in Personnel Training. 


SAND SHOP Course (SESSION 1—MALLEABLE) 
Monday, April 28, 8:00 P.M. 
Presiding—D. F. Sawtelle, Malleable Iron Fittings Co., Bran 


ford, Conn 


Co-Chairman—E. C. Zirzow, National Malleable & Steel Cast 


SEQ Me + 


ings Co., Cleveland. 
Subject—Malleable Sand Problems. 
Discussion Leader—D. Tamor, American Chain & Cable Co 


Inc., York, Pa. 


ALUMINUM AND MAGNESIUM SESSION 


Tuesday, April 29, 10:00 A.M. 

Presiding—R. T. Wood, American Magnesium Corp., Cleve 
land. 

Co-Chairman—Hiram Brown, Solar Aircraft Corp., Des Moines 

Simplification of Light Metal Castings Design and its Effe: 
Upon Serviceability—W. T. Bean, Jr., Continental Aviation 
Engineering Corp., Detroit. 

1 New Gating Technique for Magnesium Alloy Castings—H 
Elliot and J. G. Mezoff, Dow Chemical Co., Bay City, Mich 





Presiding—R. E. Ward, Eclipse-Pioneer Div., Bendix Aviation 














Sr ArMARY OF PROCEEDINGS 


$RASS AND BRONZE SESSION 
Tuesday, April 29, 10:00 A.M 
ling—H. M. St. John, Crane Co., Chicago 
Chairman—A. K. Higgins, Allis-Chalmers Mfg. Cx Mil 


graphy of Gun Metal Castings—W. H. Baer, Non-Ferrous 
Naval Research Lab Washington, D.C 
g on in Manganese Bronze—G. E. Dalbey, Mare Island 
Ss} ipyard Vallejo, Calif 

Spectrographic inalysis in the Manufacture of Brass and 
Ingots—G. FE. Staahl and G. P. Halliwell, H. Kramer & Co 


MALLEABLE SESSION 


Tuesday, April 29, 10:00 A.M 
ding—\ A. Crosby, Climax Molvbdenum Co., Detroit 
Chairman—Milton Tillev, National Malleable & Steel Cast 
s Co., Cleveland 
1? Interpretation of the Constitution of Iron-Carbon-Silicon 
J. EF. Rehder, Bureau of Mines, Ottawa, Canada 
Fflect of Section Size and Annealing Temperature on the 
ization of White Cast Iron—D. J. Reese, International 
kel Co., New York, R. Schneidewind, and A. Tang, University 
Michigan, Ann Arbor, Mich 


Heat TRANSFER SESSION 
Tuesday, April 29, 10:00 A.M 


Presiding—H. A. Schwartz, National Malleable & Steel Castings 
Co., Cleveland 
( Chairman—E. (€ lroy, Dodge Steel Co., Philade Iphia 
H Transter Committee Report 
Studies on Solidification of Castings—V. Paschkis, Columbia 
ersitv, New York 
.) fication Rates {luminum in Dry Sand Molds—H. \ 


Hunsicker, Aluminum Co. of America, Cleveland 
( ing the Size of Gates and Risers—N. Janco, Centrifugal 
Casting Machine Co., Tulsa 


\LUMINUM AND MAGNESIUM RouUND TasBLrE LUNCHEON 
Tuesday, April 29, 12:00 P.M 
\. T. Ruppe, Bendix Products Div., Bendix Avia 
Corp., South Bend 
Co-Chairman—( I Nelson, Dow Chemical Co., Midland 


Subject—Recommended Practices for Aluminum and Mag 
Casting 
Discussion Leader—W. Bonsack, National Smelting Co., Cleve 


MALLEABLE ROUND TABLE LUNCHEON 


Tuesday, April 29, 12:00 P.M, 
Presiding—A. M. Fulton, Northern Malleable Iron Co., St. Paul 
Co-Chairman—]. H. Lansing, Malleable Founders’ Society, 
( veland 
Subject—Chromium Determinations, Grinding of Malleable 
Exothermic Ladle Additions 
Discussion Leader—C. F. Lauenstein, Link-Belt Co., Indiana 


BRASS AND BRONZE ROUND TABLE LUNCHEON 


Tuesday, April 29, 12:00 P.M. 
Presiding—B. A. Miller, Baldwin Locomotive Works, Philadel 


Co-Chairman—R. J. Keeley, Ajax Metal Co., Philadelphia. 


; Subject—Melting of Brass and Bronze. 
i Discussion Leader—H. Smith, Federated Metals Div., American 
: »melting & Refining Co., Pittsburgh. 


STEEL SESSION 


Tuesday, April 29, 2:00 P.M. 
Presiding—C. W. Briggs, Steel Founders’ Society of America, 
eveland 
Co-Chairman—L. H. Hahn, Sivyer Steel Castings Co., Chicago. 
Institute of British Foundrymen Exchange Paper. 


Side-Blown Converter Practice—F. Cousans, Hadfields, Ltd., 





Shefheld, England 


Effect of Melting Practi n Prof es of Medium-Ca nil 
|G. Kun ind N. H. Kevser, Battelle Memoria 


Ductility of 


Influe? f Seleniun ni Sulf I mand i 
Nickel Co., Bavonne 


Cast Ste \. P. Gaenebin, International 


SAND SESSION 
Tuesday {pril 29, 2:00 PM 
Presidine—F.. C. Zirzow, National Malleable & Steel Castings 


Co., Cleveland 
Co-Chairman—H. |]. Williams, New Jersey Silica Sand Co., Mill 


lle, N.] 
Elevated Temperature Properties of Steel Foundry Sands 

D. C. Williams, Ohio State University, Columbus, Ohi 
Preparation of Foundry Sands for Market—F¥. P. Goettman, G 


F. Pettinos, Inc., Philadelphia 
Fvaiuation of Core Anoch 
Dietert Ce Detroit 


Committe Report H \W 


GRAY IRON SESSION 


Tuesday, April 29, 2:00 P.M 
Presi g—R. G. McElwee, Vanadium Corp. of America, De 


( Chairman—W. W. Levi. Lynchburg Foundry & Machine Co 
Radford, Va 

Cupola Melting Phenomena—D. W. Gunther and E. V. Somers 
Westinghouse Electric Corp Trafford, Pa 
irc Welding of Cast Iron with Nickel Electrodes—T. FE. Kihl 


gren and L. C. Minard, International Nickel Co., Bayonne, N.] 


REFRACTORIES SESSION 


Tuesda ipri 4:00 P.M 
P ’ R. H. Stone, Vesuvius Crucible Co., Pittsburg! 
Co-Chairme \. S. Klopf, Western Foundry Co., Chicago 
Special Refractories in Metal Meltir W. H. Henson, Nortor 
Co., Worcester, Mass 
Information Please—Question and Answer Panel 


BRASS AND BRONZE SESSION 


Tuesda fpril 29, 4:00 PM 
P e—G. P. Halliwell, H. Kramer & Co., Chicago 
( 1 B. M. Loring, Naval Research Laboratory, Wash 
neton, DA 
( i n of Structure and Properties 85-5-5-5 All Test Bar 


J. G. Kura and L. W. Eastwood, Battelle Memorial Institut 
Columbus 

Gas Absorption Phenomena and Degasification of Cast Mone 
B. N. Ames and N. A. Kahn, New York Naval Shipyard, New York 


PATTERNMAKING SESSION 


Tuesday, April 29, 4:00 P.M 

Presiding—V. |]. Sedlon, Master Pattern Co., Cleveland 

Co-Chairman—A, ¥. Pteifter, Allis-Chalmers Mfg. Co., 
Milwaukee 

Paitern Purchase Considerations—W. G. Schuller, Caterpillar 
Tractor Co., Peoria, Ul 

Liquid Phenolic Casting Resins for Foundry Patterns—C. R 
Simmons, Durez Plastics and Chemicals, Inc., North Tonawanda, 
N.Y 


CHAPTPR OFFICERS AND Direcrors’ DINNER 


Tuesday, April 29, 7:00 P.M 


Presiding—Max Kuniansky, Vice-President, American Foundry 


a 


men's Association 


SAND SHop Course (SESSION 2—NON-FERROUS) 


Tuesday, April 29, 8:00 PM 
Presiding—E. ]. Bush, Navy Yard, Washington, D.C. 
Co-Chairman—E. W. Horlebein, Gibson & Kirk Co., Baltimore 
Subject— Your Sand Pile 
Discussion Leader—W. M. Ball, Jr., Magnus Brass Div., Nationa! 
Lead Co., Cincinnati. 
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GRAY IRON SHOP Course (SESSION 2 


Tuesday, {pril 29, 8:00 P.M. 


Presidinge—W. W. Levi, Lynchburg Foundry & Machine Co., 


Radford, Va 


Co-Chairman—C. ]. Rittenger, American Car & Foundry Co., 


Detroit 
Subject—Effect of Coke Quality on Cupola Melting 


Discussion Leader—D. E. Krause, Battelle Memorial Instittue, 


Columbus 


INSPECTION OF CASTINGS SESSION 
Tuesday, April 29, 8:00 P.M. 
Presiding—H. R. Youngkrantz, Apex Smelting Co., Chicago. 
Co-Chairman—H. C. Stone, Belle City Malleable Iron Co. 
Racine 


Importance of Radiography to Inspection F. L. LaGretius, 


American Steel Foundries, East Chicago, Ind. 
Magnetic Particle Inspection in the Foundry—W. FE. Thomas, 
Magnaflux Corp., Chicago 


Heat TRANSFER SESSION 
Tuesday, April 29, 8:00 P.M. 
Presiding—H. F. Taylor, Massachusetts Institute of Technology, 
Cambridge, Mass 
Co-Chairman—W. ]. Klayer, Aluminum Industries Inc., Cin- 
cinnatul 
Freezing Rate of White Cast Iron in Dry Sand Molds—H. A. 
Schwartz, National Malleable & Steel Castings Co., Cleveland. 
Thermal Conductivity of Three Sands—C. F. Lucks, O. L. Line 
brink, and K. L. Johnson, Battelle Memorial Institute, Columbus. 
Influence of Properties on Solidification of Metals—V. Paschkis, 
Columbia University, New York. 
Feeding of Metal Castings—A. F. Faber, ]r., H. B. Salter Mfg. 
Co., Marysville, Ohio, and D. T. Doll, Case Institute of Tech- 


nology, Cleveland 


GRAY IRON SESSION 


Wednesday, {pril 30, 10:00 A.M. 

Presiding—B. P. Mulcahy, Consultant, Indianapolis. 

Co-Chairman—H. W. Stuart, U. S. Pipe & Foundry Co., Burling- 
ton, N.J 

Survey of Foundry Coke Characteristics—D. E. Krause and 
H. W. Lownie, Jr., Battelle Memorial Institute, Columbus. 

Thermochemical Analysis of Combustion in a Cupola—H. E. 
Flanders, University of Utah, Salt Lake City. 


STEEL SESSION 


Wednesday, {pril 30, 10:00 A.M. 

Presidine—C. H. Lorig, Battelle Memorial Institute, Columbus. 

Co-Chairman—E. C. Troy, Dodge Steel Co., Philadelphia. 

Slag Control in the Acid Electric Furnace—H. H. Johnson, M. T. 
McDonough, and D. L. Radford, National Malleable & Steel 
Castings Co., Sharon, Pa. 

ipplication of a Single Slag Process to Basic Electric Steel— 
M. V. Healey and R. W. Thomas, General Electric Co., Sche- 
nectady. 

SAND SESSION 
Wednesday, {pril 30, 10:00 A.M. 

Presiding—G. R. Gardner, Aluminum Co, of America, Cleveland. 

Co-Chairman—K. ]. Jacobson, Griffin Wheel Co., Chicago. 

New Tentative Standards for Grading and Fineness of Sands— 
Committee Report—R. E, Morey, Naval Research Lab., Wash- 
ington, D.C. 

The Foundry Sand Laboratory—O. ]. Myers, Werner G. Smith 
Co., Minneapolis. 

1 Study of the Precision of Sand Test Data—R. E. Morey and 
Cc. G. Ackerlind, Naval Research Lab., Washington, D.C. 


CANADIAN LUNCHEON 
Wednesday, April 30, 12:00 P.M. 
Presiding—]. Sully, Sully Foundry Div., Neptune Meters Ltd., 
Toronto. 


ENGINEERING SCHOOL GRADUATES LUNCHEON 
Wednesday, April 30, 12:00 P.M. 
Presiding—F. J. Walls, International Nickel Co., Detroit. 
Co-Chairman—G, K. Dreher, Olds Alloys Co., Southgate, Cal. 





FirtTy-FiIRST ANNUAL MEETING 


ANNUAL Business MEETING AND CHARLES EpGar Hoyt 
ANNUAL LECTURE 
Presiding—S. V. Wood, President, American Foundrymen’s 
Association 

President Wood called the meeting to order at the Annual Busi- 
ness Meeting of the American Foundrymen’s Association. He 
then read a cablegram from the Institute of British Foundrymen 
signed by D. H. Wood, President, and T. Makemson, Secretary, 
which read as follows 

“The Institute of British Foundrymen send cordial greetings to 
the President and the members of the American Foundrymen's 
Association and the best wishes for success in their 5lst Annual 
Convention.” 

President Wood then read the President’s Annual Address (see 
p. xiii). Following this address he called on Secretary W. W 
Maloney who announced the 1947 Apprentice Contest winners 
as follows: 

Gray Iron Molding Division 

Ist—Floyd G. Matthews, Caterpillar Tractor Co., Peoria, III. 

2nd—Robert J. Miller, Hill Acme Co., Cleveland, Ohio. 

$rd—Leo Prushinski, Sheffield Foundry Co., Chicago, Il. 

Steel Molding Division 

Ist—Harold Gobeille, Crucible Steel Casting Co., Cleveland, 
Ohio. 

2nd— John Colombo, Crucible Steel Casting Co., Cleveland, 
Ohio. 

3rd—Walter G. Bach, Indiana Harbor Works, American Steel 
Foundries, East Chicago, Indiana. 

Non-Ferrous Molding Division 

Ist—John Hronek, Wisconsin Aluminum Foundry Co., Inc., 
Manitowoc, Wis 

2nd—David Gregory, Empire Brass Foundry, Ltd., Montreal, 
Quebec, Canada. 

3rd—Wilson Bruce, Buckeye Brass Co., Cleveland, Ohio. 

Patternmaking Division 

Ist—William Waddicor, Jr., Brown & Sharpe Mfg. Co., Provi 
dence, R.I. 

2nd—Howard J. Rand, Aluminum Co. of America, Cleveland, 
Ohio. 

$rd—Laurent Messier, Acme Pattern & Woodwork Co., Ltd., 
Montreal, Quebec, Canada. 

Ihe Association arranged to have the four first prize winners 
present at the convention and to receive their awards in person. 
rhe first prize winners were called to the platform and President 
Wood presented the awards to each of them individually. The 
first prize award consisted of $100 and an engraved Certificate of 
Award. 

Following this presentation President Wood introduced Fred 
G. Sefing, Chairman of the Educational Division of A.F.A., who 
spoke briefly about the Foundry Educational Foundation. He 
then called on Mr. B. J. Claffey, one of the Trustees of the Founda 
tion, who explained the aims and purposes of the Foundation. 

Following this discussion Secretary Maloney reported on nomi- 
nations of Officers and Directors for the coming year and stated 
that no additional nominees had been received in accordance with 
the procedure prescribed in the Association By-Laws. He there- 
fore cast the unanimous ballot of the membership of A.F.A. for 
election of the following: 


President (to serve one year): 

Max Kuniansky, Lynchburg Foundry Co., Lynchburg, Va. 

Vice President (to serve one year): 

W. B. Wallis, Pittsburgh Lectromelt Furnace Corp., Pitts- 
burgh, Pa. 

Directors (to.serve three years): 

E. N. Delahunt, Warden King, Ltd., Montreal, Quebec, Canada. 

W. J. MacNeill, G. H. R. Foundry Div., Dayton Malleable Iron 
Co., Dayton, Ohio. 

Jchn M. Robb, Jr., Hickman, Williams & Co., Philadelphia, Pa. 

A. C. Ziebell, Universal Foundry Co., Oshkosh, Wis. 

R. H. McCarroll Ford Motor Co., Dearborn, Mich. 

Director (to serve one year): 

S. V. Wood, Minneapolis Electric Steel Castings Co., Minne- 
apolis, Minn. 

Following announcement of elections, President Wood intro- 
duced the newly elected Officers and Directors present. 

Following this brief introduction, President Wood introduced 
Dr. James T. MacKenzie, Director, American Cast Iron Pipe Co 
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SUMMARY OF PROCEEDINGS 


Rirmingham, Ala., who presented the first Charles Edgar Hoyt 
Lecture on the subject The Cupola Furnace Dr. MacKenzie's 
ture will be found beginning on page | of this volume 


[he meeting was adjourned upon completion of this lecture 


\.F.A. ALUMNI DINNER 


Wednesday, April 30, 7:00 P.M 
Presiding—F. J. Walls, International Nickel Co., Detroit 
Speaker John H. Van Deventer, Director of Information, Com 
ttee on Economic Development, New York. 


Subject—Broadening Our Economic Horizons. 


SAND SHOP COURSE (SESSION 3—STEEL) 


Wednesday, April 30, 8:00 P.M 
Presiding—R. H. Jacoby, Key Co., St. Louis 
Co-Chairman—S. W. Brinson, Norfolk Navy Yard, Portsmouth, 


Subject The Role of Sand in Hot Tearing 
Discussion Leader—]. B. Caine, Sawbrook Steel Castings Co., 


Cincinnati 


GRAY IRON SHOP COURSE (SESSION 3) 


Wednesday, April 30, 8:00 P.M 
Presiding—]. H. Bernard, Eaton Mfg. Co., Vassar, Mich 
Co-Chairman—k. E. Davis, Cadillac Motor Car Co., Detroit. 
Subject-—-Factors Affecting Cost of ¢ upola Operation. 
Discussion Leader—L. L. Clark, Buick Motor Car Co., Flint, 
Mich 


PLANT AND PLANT EQUIPMENT SESSION 


Wednesday, April 30, 8:00 P.M 
Presiding—]. Thomson, Continental Foundry and Machine Co., 
East Chicago, Ind 
Co-Chairman—E. W. Beach, Campbell Wyant and Cannon Co., 
Muskegon, Mich 
Design and Operating Phases of Mechanized Foundries—C, O. 
Bartlett, C. O. Bartlett and Snow Co., Cleveland 


GRAY IRON SESSION 


Thursday, May 1, 10:00 A.M. 

Presiding—V. A. Crosby, Climax Molybdenum Co., Detroit. 

Co-Chairman—H. N. Myers, Perfect Circle Co., Hagerstown, 
Ind 
The Graphite Phase in Gray Cast Iron—R. W. Lindsay, Penn- 

lvania State College, State College, Pa. 

Microstructure of Silvery Pig lron—R. Schneidewind, Univer- 
sity of Michigan, Ann Arbor, Mich., and C. A. Harmon, Hanna 
Furnace Corp., Buffalo. 

Micro-Radiography of Gray Cast Iron—]. H. Schaum, E. T. 
Salkovitz, and F. W. Von Batchelder, Naval Research Lab., Wash 
ngton, DC 


STEEL SESSION 


Thursday, May 1, 10:00 A.M. 

Presiding—]. A. Rassenfoss, American Steel Foundries, Indi 

1a Harbor, Ind. 

Co-Chairman—G. Vennerholm, Ford Motor Co., Dearborn, 
Mich 

Occurrence of Intergranular Fracture in Cast Steels—C. H. Lorig 

d A. R. Elsea, Battelle Memorial Institute, Columbus. 

Segregation in Small Steel Castings—H. F. Bishop and K. E. 
Fritz, Naval Research Lab., Washington, D.C. 


Jos EVALUATION AND TIME Stupy SESSION 


Thursday, May 1, 10:00 A.M. 
Presiding—R. J. Fisher, The Falk Corp., Milwaukee. 
Co-Chairman—J. A. Westover, Westover Engineers, Milwaukee. 
Establishment and Use of Standard Data (1)—M. Annich, 
\merican Brake Shoe Co., Mahwah, N.]. 


STEEL RouND TABLE LUNCHEON 
Thursday, May 1, 12:00 P.M. 
Presiding—F. A. Melmoth, Glen Lake, Cedar, Mich. 
Co-Chairman—John Howe H2il, Swarthmore, Pa. 


PATTERN Rounp Taste LUNCHEON 
Thursda Ma 00 PM 
Presid ng H kK Swanson, Swanson Pattern & Model Works 


Fast Chicago, Ind 


Co-Chairman—L. F. Tucker, City Pattern & Foundry Co., Ine 
South Bend, Ind 
Subject—Need f ( se Re shift i ng Patternmakers 


and Foundryvme? 
Discussion Leader—A. |} Pteitter Allis-Chalmers Mfg. Co 
Milwaukee 


FOUNDRY Cost SESSION 
Thursday, May 2:00 P.M 
Presiding—R. L. Lee, Grede Foundries Inc., Milwaukee 
Co-Chairman—G. Tisdale, Zenith Foundry Co., Milwaukee 
Two Ways to Make Profit—W. KE. George, Booz, Allen and 
Hamilton, Chicago 
Foundry Costs and Cost Controls—C. E. Westover, Westover 
Engineers, Milwaukee 


GRAY IRON SESSION 


Thursday, May 1, 2:00 P.M 

Presiding—H. Bornstein, Deere & Co., Moline 

Co-Chairman—]. |! Bowen, Chevrolet Gray lron Foundry, 
General Motors Corp., Saginaw, Mich 

Effects on Gray lron of Minor Constituents Derived from the 
idditions of Copper Alloys—K., E. Rose and C. H. Lorig, Battelle 
Memorial Institute, Columbus 

Isothermal Transformation of Molybdenum Cast lron—( \ 
Nagler, Wayne University, Detroit, and R. L. Dowdell, University 
of Minnesota, Minneapolis 

Reduction in Chilling Tendency Through Silicon Carbide 
inoculation of Gray Cast lron—t \. Loria, A. P. ‘Thompson 
Mellon Institute, Pittsburgh, and H. D. Shephard, Kerchner, 
Marshal & Co., Pittsburgh 


GRAY IRON SHOP CouRSE (SESSION 4) 


Thursday, May 1, 2:00 P.M 
Presiding—H. H. Wilder, Eaton Mig. Co., Vassar, Mich 
Co-Chairman—G. A. Timmons, Climax Molybdenum Co 
Detroit 
Subject—Variables Affecting Electric Furnace Gray lron 
Discussion Leader—K. H. Priestley, Vassar Electroloy Products 
Inc., Vassar, Mich 


SAND SESSION 


Thursday, May 1, 2:00 P.M 

Presiding—H. ¥. Taylor, Massachusetts Institute of Technology 
Cambridge, Mass 

Co-Chairman—B. H. Booth, Carpenter Bros., Inc., Milwaukee 

Density of Molding Sands—H. W. Dietert, H. H. Fairfield and 
E. J. Hasty, H. W. Dietert Co., Detroit 

Physical Properties of Molding Sands—G. R. Gardner, Alumi 
num Co, of America, Cleveland. 


STEEL SESSION 


Thursday, May 1, 4:00 P.M 

Presiding—]. B. Caine, Sawbrook Steel Castings Co., Cincinnati 

Co-Chairman—C. K. Donoho, American Cast Iron Pipe Co 
Birmingham 

Determination of Molten Metal Temperatures—G. Vennerholm 
and L.. C. Tate, Ford Motor Co., Dearborn, Mich. 

Temperature Distribution in Metal Molds—M. C. Udy and 
H. O. McIntire, Battelle Memorial Institute, Columbus. 


SAND SHOP Course (SESSION 4—GRAY IRON) 
Thursday, May 1, 4:00 P.M. 
Presiding—E. L. Thomas, Cadillac Motor Car Co., Detroit. 
Co-Chairman—F. R. Mason, Riley Stoker Co., Detroit. 
Subject—Variables in Gray lron Sand Practice. 
Discussion Leader—C. B. Schofield, Chevrolet Gray Iron Found 
ry, General Motors Corp., Saginaw. 


Jos EVALUATION AND TIME Stupy Session 


Thursday, May 1, 4:00 P.M. 
Presiding—R. J. Fisher, Falk Corp., Milwaukee. 
Co-Chairman—]J. A. Westover, Westover Engineers, Milwaukee 








Establishment and Use of Standard Data (Il M. Annich 
American Brake Shoe Co., Mahwah, N.] 


ANNUAL BANQUET 
Thursday, May 1, 7:00 P.M 

Presiding—S. \ Wood, President American Foundryvmen’s 
\ssociation 

The Annual A.F.A. Dinner of the Association’s 5lst Annual 
Convention was called to order by President 8. V. Wood, presiding. 
Following singing of the National Anthem by Miss Marion 
Gillette, President Wood introduced Past President F. J. Walls, 
Chairman of the Board of Awards. After brief introductory re 
marks Past President Walls introduced Dr. G. H. Clamer, Past 
President of A.F.A. and 1933 Joseph S. Seaman Medalist, who 
presented the Wm. E. McFadden Gold Medal to H. M. St. John, 
Supt. of Forge Shop and Brass Foundry, Crane Co., Chicago 


PRESENTATION OF MCFADDEN MEDAI 


Dr. Clamer stated 

“IT have been honored with the invitation to act as spokesman 
for our Association on this occasion because of my long friendship 
with Harry St. John. We have had mutual interest in the same 
technical fields: namely, electric furnaces and the brass foundry. 
I have always admired and valued his sound judgment—judgment 
based on a technical education of high order and tempered with 
broad experience 

“Harry Mark St. John was born November 29, 1888 in Canajo 
harie, N.Y. He graduated from Cornell University in 1910 with 
an A.B. degree and immediately became connected with National 
Carbon Co., Cleveland, as a Research Chemist. Three years later 
he moved to Chicago to become a Research Fngineer for Com 
monwealth Edison Co., where he remained until the outbreak 
of World War I, during which he served with distinction as a 
captain in the Chemical Warfare Service. On leaving the Army he 
accepted a position as Service Engineer for the Detroit Electric 
Furnace Co., Detroit, and during his four years with this company 
hecame Vice-President. In 1923 he became connected with Detroit 
Lubricator Co., Detroit, as Chief Metallurgist, where he remained 
until 1938, at which time he accepted a position with the Crane 
Co., Chicago, as Superintendent of the Brass Foundry and Forge 
Shop, which position he still holds 

“Many papers by Mr. St. John have been published, not only 
in the TRANsAcTIONS of the American Foundrymen’s Association, 
but also in the Proceedings ot the American Electrochemical So- 
ciety, American Institute of Mining & Metallurgical Engineers and 
the American Institute of Chemical Engineers. He presented an 
\.F.A. Exchange Paper on Temperature Control to the French 
Foundrymen’s Association. Articles by him have been published 
in the following trade papers: Chemical & Metallurgical Engi 
neering, Metals <« {lloys now Materials ¢ Methods), The 
Foundry and Metal Industry, Electrical World and Electrical 
Engineering. His articles cover a broad field; for example, Electric 
Furnaces for Brass Melting: Temperature Control; Analysis of 
Casting Defects in the Brass Foundry; Brass Foundry Metal Prac- 
tice; Influence of Impurities in Brass Castings; Influence of Silicon 
and Aluminum on Structures of Brass Castings; Refractories used 
in Brass Melting Furnaces. He contributed the section on Red 
Brass Alloys for the 4SM Handbook and the section on Non- 
Ferrous Foundry Practice for Kent’s Mechanical Engineering 
Handbook. He has been granted United States Patents on Cool 
ing Coils for Electrodes and a patent on an Electric Furnace 
Door 

“Mr. St. John has been one of the most active members of the 
Brass and Bronze Division of A.F.A. since its inception, serving 
as Chairman of the Division and participating in many Commit- 
tee activities. He is today Chairman of the Annual Lecture Com- 
mittee of A.F.A. He is a past Chairman of both the Chicago and 
Detroit sections of AIME and a member of ASM as well as A.P.A. 

“Acting for the Board of Awards and the Board of the American 
Foundrymen’s Association it is my pleasure to present to Mr. 
Harry M. St. John the Wm. H. McFadden Gold Medal with cita- 


tion as follows: 


“*For outstanding work in the field of non-ferrous 


casting research over a period of many years.’ 





FIrry-FIRST ANNUAL MEFTING 


Response By H. M. Sr. JOHN 
Mr. St. John graciously accepted the Wm. H. McFadden Gold 
Medal from Dr. Clamer with the following statement: 
“I wish to express to the American Foundrymen’s Association 
ind its Board of Awards my sincere appreciation of this award.” 


PRESENTATION OF PENTON MEDAI 
Past President Walls then called on President-elect Max Kuni 
ansky, Vice-President and General Manager, Lynchburg Foundry 
Co., Lynchburg, Va., who presented the John A. Penton Gold 
Medal to R. J. Allen, Worthington Pump & Machinery Co., Ha 
rison, N.J. after commenting on the outstanding work which Russ 
Allen has done for the American Foundrymen’s Association and 


on his many valuable contributions to the art of metal founding 


Response By R. J]. ALLEN 

ro this Mr. Allen responded as follows: 

“IT wish to thank the Board of Awards for having considered 
me worthy to receive the John A. Penton Gold Medal, and, also, 
to thank Max for the remarks he has made in justification of 
their action. Further, I wish to thank the numerous individuals 
particularly those members of the National Office staff, who have 
cooperated with me in the various committee activities and such 
other work of the Association as has resulted in this award. Again, 


I thank you.” 


PRESENTATION OF SIMPSON MEDAI 


Past President Walls then called on D. J. Reese, International 
Nickel Co., New York, who presented the Peter L. Simpson Me 
morial Medal to R. A. Flinn, American Brake Shoe Co., Mahwah, 
N.]., with the following introductory remarks: 

“I am deeply appreciative of the privilege of representing the 
Board of Awards of the American Foundrymen’s Association in 
the presentation of the Peter L. Simpson Gold Medal to the second 
recipient of this high honor 

“The first presentation of the Peter L. Simpson Gold Medal 
was made by his son, Herb Simpson, whose generosity, affection 
for his dad, and love for the foundry industry, created this award 
I am sure that Herb and his son Bruce were quite happy the 
Board selected Howard F. Taylor as the first recipient of this 
award, and I know they must be equally happy to have Dick 
Flinn sharing the Peter L. Simpson honors with Howard Taylo1 
These two young men have set a high standard for the Board of 
\wards, in selecting future recipients, and as the years roll on 
the memory of Peter L. Simpson will become increasingly en 
riched by association with the names of these young men—young 
men who will experience a lifetime of achievement. 

“Dick's great-great-grandfather, Richard O’Flinn, operated an 
iron foundry in Drogheda on the River Boyne, between Dublin 
and Belfast. The name-plate on this foundry is dated 1801. 

“Dick's grandfather, Thomas Flinn, served his time as a molder 
in this foundry and also as a machinist in its adjacent machine 
shop. After selling his patent rights in a new steam pump for 
£500, he came to America in 1860 to study ‘Modern American 
Machine Shop and Foundry Methods.” He subsequently was 
employed by the Henry R. Worthington Hydraulic Works, Brook 
lyn, New York, now known as the Worthington Pump & Machin 
ery Corp., from which he retired as Works Manager after 37 years 
of service 

“The College of the City of New York graduated Dick with 
B.S. and C.E. degrees in 1936. Massachusetts Institute of Tech 
nology granted an M.S. degree in 1937. Now, he found himself 
at odds with the engineering material so familiar to his grand- 
father and great-great-grandfather for his thesis work at M.I.T. 
was concerned with the damping characteristics of wrought steels 
He corrected this error by spending two years researching in the 
field of cast iron, and when he received a Doctor of Science degree 
from M.I.T. in 1941, his thesis work was concerned with Aciculat 
Cast Lrons. Since 1937, Dick’s work in the field of metals has been 
primarily concerned with several members of the cast iron family 
The Peter L. Simpson award is presented: 


‘For outstanding work during the past year in the field 


of chilled and white iron castings’ 


“I believe everyone present here tonight should know that he 
received the Henry Marion Howe Medal of the American Society 
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SUMMARY OF PROCEEDINGS 


Metals in 1944, he is a charter member of the Metropolitan 
\.F.A. Chapter, and he is a member of the A.I.M.E., the A.S.M 
e American Society of Experimental Stress Analysis, and of the 
norary Sigma Xi Fraternity 
During World War II vears, Dick was continuously ill-at-ease 
it he did not get into uniform, but that was only because he 
is assigned by the U. 8S. Army to work on the top military secret 
the war, known then as the Manhattan Project, known now 
s the Atomic Bomb 
At the time he received his doctor's degree from M.I.T., his 
yunselor persuaded him that to be known as Dick Flinn would 
x more compatible with the feelings of the graduates of the 
school of hard-knocks in the foundry industry, so together we 
held a private wake around a pile of heap sand, in a nearby 
foundry—when we solemnly buried this degree 

Dick, I feel that Peter L. Simpson would be just as proud as 

1 am, in honoring so grand and able a fellow as you are.” 
Medalist Flinn expressed his appreciation in the following words 

Don, it’s ten years since I poured arbitration bars with you for 
the first time at Bayonne. I realize that these ten years are a very 
short period compared with the records of many of those here 
tonight who have given a lifetime of service to the foundry indus 
try. I can’t therefore just receive this medal quietly and graciously 
as the reward for long service, I must outline the conditions unde 
which my conscience will allow me to accept. 

This award is first of all a signal recognition of those who have 
been my teachers and colleagues both at the Institute and in 
industry. At times like tonight I realize how great my debt is to 
Professors Victor Homerberg, John Norton, Morris Cohen and 
John Chipman at M.I.T. and to Ray Schaefer at Mahwah. 

Secondly, this presentation should stand as an encouragement 
to the younger men of the industry, particularly those who are 
ittempting to apply the newer findings of physical metallurgy and 
physical chemistry to the foundry. I know that management's 
ppreciation of the fundamental approach often seems slight and 
he future appears difficult. It is at times like these, we should 

rn to this Peter L. Simpson award for confidence 

For it is not particularly important that the Board of Awards 

ose me as this year’s medalist—of course it gives me great pet 
nal pleasure—but what matters is that a group of practical men, 
iders in the industry, has reached out and selected a theoretical 

1, a physical metallurgist, for honor. 

it is in this spirit then, Don, that I accept the Peter L. Simpson 
Memorial Gold Medal with deep appreciation and gratitude to 
ou and to the Board of Awards. I promise that in the years to 
come I will work to be worthy of this honor 


PRESENTATION OF SEAMAN MEDAI 


Past President Walls then called on H. S. Simpson, National 
Engineering Co., Chicago and 1941-42 A.F.A. President who pre 
ented the Joseph S. Seaman Gold Medal to Rodney Washburn 
son of Henry S. Washburn, Plainville Casting Co., Plainville, 
Conn., for whom the medal was intended but who was unable 
to be present for the presentation because of illness. 


Mr. Simpson made the presentation with the following state 


nent 


It is unfortunate that our medalist, Henry S$. Washburn, is 
inable to be present tonight to receive personally the Gold Medal 
trom the American Foundrymen’s Association. His son, Rodney, 
s here to accept it for his father. Rodney is now associated with 
Mir. Washburn in the operation of the Plainville Casting Com- 

ny, Plainville, Conn., which his father created and started 

1921, operating it for a quarter of a century as a successful, free 
enterprise foundry, specializing in gray iron castings. 

In all of the years that I have been active in the American 
Foundrymen’s Association, I think the presentation of an award 
’ Henry Washburn is most significant, not only from a personal 

indpoint but because of the realization that our medalist is 
particularly deserving to be honored by the foundry industry 
nd the American Foundrymen’s Association, both of which he 
is unselfishly and capably served for so many years. 

There is something in this world more important than mak- 
ig dollars although, of course, livelihood will always be an essen- 
tial activity. It is the intelligent, hard-working individual who 
sets his real pleasure from service to others—that is, his family, 
he industry of which he is a part and particularly to the A.F.A., 








and finally, being a good, clean progressive American citizen 


Henry Washburn exemplifies a man for whom we have respect 
for all of these qualifications 

“Born in Brooklwn, New York, Mr. Washburn received his 
early education at St. Paul's School, Garden City, New York 
Incidentally, being from Brooklyn he might have been a pitcher 
for the Brooklyn Dodgers; certainly he has always been in there 
pitching for the foundry industry. His first position was with 
a bank in New York City; later he was employed by the Lacka 
wanna Railway as well as Turner and Seymour, Torrington 
Conn 

‘Since 1921 he has been president and treasurer of his own 
foundry, the Plainville Casting Company, Plainville, Conn. M1 
Washburn has also been associated with other foundries and 
manufacturing enterprises in the New England States. He served 
as a director of the A.F.A. from 1935 to 1988 and then in 1959 
was elected the 38th president. Mr. Washburn made a fine record 
as head of this association. He is a member of the National 
Founders Association and a past director of the Gray tron 
Founders Society, receiving from the latter organization, in 1946, 
the award for distinguished service to that industry. In his presi 
dential address to the American Foundrymen’'s Association he 
said: “The challenge of the future calls for the very best that 
can be brought forward by every firm and every individual in 
terested in the casting of the metals.” Mr. Washburn has followed 
his own advice: he has done his very best for the industry of which 
he is a part. He firmly believes in free enterprise, in hard work 
and in helping others, particularly in the business of making 
castings 

Mr. Washburn has always been happy that he has been a¢ 
tively interested in the Gray Iron Foundry business because he 
thinks the quality and usability of each casting depend on so 
many personal factors that it gives an opportunity for rendering 


a service to the customer as compared to the manufacture of a 


product where many competitors can make the same article t 
the same specifications and yet the personal element is largely 
non-existent 

After going to Connecticut and becoming closely in contact 
with the jobbing foundry trade, he believed, as he learned the 
history of the foundry business in that area, that during the 
depression periods foundry prices were reduced way below cost 
and that during periods of expansion the prices of castings went 
up beyond all reason, with the natural result that purchasers of 
castings were compelled to switch patterns from one foundry to 
another. It seemed to Mr. Washburn that his foundry could not 
furnish castings best suited to a customer's requirements unless 
his foundry could continue making that product over a long 
period of time, developing the best mixtures for the particular 
requirements of each casting, working out the pattern equip 
ment for modern methods of production so that the foundry 
could play an important part in reducing costs in a machine 
shop if the operations performed on each casting were previously 
known. It is also Mr. Washburn’s belief that the foundry cus 
tomer, whose casting requirements really meant something to 
him, would be willing to pay a reasonable price during dull 
periods to receive this type of cooperation and with the under 
standing, of course, that the same margin of profit would apply 
in busy periods as in quiet periods. He also realizes that there is 
nothing unusual or new in this approach but when he started 
the foundry business twenty-six years ago these principles were 
not so generally accepted. 

“Mr. Washburn has had a very broad interest in the welfare of 
foundry industry from all standpoints. His personality, thought 
fulness and kindliness, together with all his other fine characteris 
tics and accomplishments are so outstanding that the Board of 
Awards of the American Foundrymen’s Association, which I 
represent, were unanimously enthusiastic in their decision that 
he be given this honor at this time. 

“It is, therefore, my pleasure, Rodney—representing your 
father, Henry S. Washburn—to present to you for him the 
Joseph S. Seaman Gold Medal for outstanding service to the 
American Foundrymen's Association and the casting industry 
as a whole and particularly for his valuable contributions to the 
Gray Iron Castings Industry.” 

R. R. Washburn accepted for H. §. Washburn with the follow 
ing remarks: 

“I think, Mr. Simpson, you can appreciate how keenly dis- 
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ippointed my Father is not to be here and how proud he would 
have been to have iccepted personally through you this award 
from the American Foundrymen’s Association. For me to accept 
it for him is the greatest privilege I have ever had 

‘In accepting this for my Father I would like to bring to you 
1 thought he has expressed to me so many times—that is, that 
vhile each of us may make our own small individual contribu 
tion to A.F.A., each of us in return receives from the Association 
the combined thoughts, experience, and helpful suggestions of 
the entire membership. I know my Father sincerely feels that any 
small contribution he has been able to make could in no wav 
equal benefits received 
My Father has asked me to extend his deep appreciation for 
4 


this honor which th \ssociation has conferred upon him and 


sends his warmest regards to friends in A.F.A.’ 


FIFTY-FIRST ANNUAL MEETING 


Then Past President Walls presented Certificates of Honorary 
Life Me mbership to John Grennan, University of Michigan, Ann 
Arbor, Mich., and to retiring President S. V. Wood. 


GUEST SPEAKER'S ADDRESS 


Following preseniation of Awards, the guest speakei ot the 
evening, Arthur H. Motley, President, Parade Publications, Inc 
New York, presented his talk on “Tradition—An Asset or a Lia 
bility” in which he stressed the importance of constantly seeking 
new ways to improve services and production, citing instances in 
which the break away from tradition has brought phenomenal 
improvements in many fields. He urged the foundry industry 
to take stock constantly of its own products and operations to the 
end that the foundry industry may constantly progress and re 
ceive its full share of recognition as one of the vital basic occupa 


tions 
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President’s Annual Address 


By S. V. WOOD 


Minneapolis Electric Steel Castings Co. 


ON Tuts, the occasion of the 51st Annual Convention 
ff the A.F.A., and the first year of the second one-half 
entury of its existence, I find myself confronted with 
the task, by custom long since established and an ac 
cepted obligation of your Executive Officer, of present 
ng the President’s Annual Address. 

With the knowledge that it was incumbent upon me 
to continue this custom, which has now become a tradi 
ion, I have recently reviewed the addresses of forme? 
presidents. I can assure you that it has indeed been 
pleasurable reading and has brought back to me mem 
ries of friends and acquaintances within this organiza 
tion, memories which I cherish and friends whose 
idvice and counsel I value most highly and for which 
| am most grateful. 


Good Association Officers 


This Association has been blessed with fine officers 
down through the years, and the fact that it has a long 
and unbroken history of successful service speaks well 
for the serious and unselfish efforts of these men. 

In many of these past addresses I find the words: 

[his is a critical period.” These words were not 
spoken because of fear for the future, but because these 
men were serious minded about their task, were anxious 
about their ability to successfully carry on in the service 
of their industry. 

\ review of the volumes of the A.F.A. TRANSACTIONS, 
impresses one with a realization that casting practices, 
techniques, and procedures are continually changing. 
It impresses one also that the basic concept, the general 
objectives of the American Foundrymen’s Association 
have changed but little. The original by-laws set forth 
that the objectives of the new Association will be, 
namely, “To promote the arts and sciences applicable 
to metal castings manufacture, and to improve the 
methods of production and quality of castings.” 

Human endeavor cannot long survive in an associa- 
tion of men unless founded upon sound objectives and 

burning desire to accomplish. Who is there that 

suld care to challenge the statement that within these 
words from the early by-laws are set forth today’s con- 
tt of our obligation. Within these areas we have 
operated successfully for fifty years, and within these 
areas we still can operate and yet broaden our activities. 

Chat this Association is fortified with worthy objec- 
tives and sincerity of purpose is reflected in an ever 

<panding membership roll. As of April 1, 1946, mem- 

rship totaled 8073, while the report of April 1, 1947, 

ows a total of 9364, an increase of 1291 members, and 

creasing recently at a rate of 200 new members per 
onth. It is, therefore, fair to presume that the total 
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Minneapolis 


should, on July | at the close of our fiscal vear, be very 
close to 10,000 members. 

[his is a marvelous growth, particularly for a post 
war period when adjustments of personnel are always 
particularly heavy. It is especially significant when on 
realizes that there has not been a campaign for new 
members: instead, interested men realize that this As 
sociation has much to offer, and desire to become a part 
of a living, moving group who have pride in their craft 

Increasing membership is a tribute to the continuing 
efforts of both chapter and national officers and dire¢ 
tors and the national staff who constantly make avail 
able new foundry information, ideas and techniques 
It also places upon these same workers the added re 
sponsibility of finding work for this increasing membe1 
ship, for it must be borne in mind that this is a 
voluntary and cooperative organization. 


National and Chapter Service 


[hese opportunities for service are to be found at 
two levels—the National level and the Chapter level. 
At the National level we have over 110 committees 
with several hundred men as working members. At 
the Chapter level will be found hundreds of committees 
and thousands of men at work in chapter activities. 
These committeemen are not appointed by the Na 
tional ofhce; they are selected men. Committees accept 
definite and distinct responsibilities; they have signed 
their names to the committee cards whereon they have 
pledged their willingness to serve. 

lop men of the foundry industry from all over the 
world—engineers, metallurgists, supervisors, operating 
men and technicians—are voluntarily giving of their 
time and effort for the betterment of their industry. 

No company is large enough to command and no 
company has sufficient funds to buy the services of 
these men, yet. you, as a member of the American 
Foundrymen’s Association, have the services of these 
men in their speaking assignments, in their committee 
program, in their writings and research. 

The A.F.A. is not an accident: it is a live, throbbing 
organization, established and built by men who have 
found, over the passing years, pride and profit in an 
industry that they love. This is pride of craft at work. 


A.F.A. Chapters 


Now a word about the A.F.A. chapters, the home 
town working units, of the Association. Close to 95 per 
cent of our members are affiliated with chapters. Each 
chapter is a completely organized working unit with 
officers, boards of directors, committees appointed and 


elected by chapter membership. The chapter boards 














and committees plan and carry out monthly meetings. 
Within these groups is born the sparks of enthusiasm 
for the industry and are found and developed the men 
for future leadership of chapters. Herein are they 
trained and developed for future national officers. 
These men are being trained and developed for as- 
sociation work, but they are also being trained fon 
leadership in your plants and companies. Here you 
will find men of all levels—engineers, technicians, met- 
allurgists, supervisors and salesmen all imbued with the 
idea of improving themselves and their industry. 
\t the beginning of this 5lst year there were 
these chapters, and now, at the time of your Annual 
Meeting, there are 38 chapters. Five chapters have been 
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organized this year: 

Washington chapter, Seattle, No. 34 

Rocky Mountain Empire chapter, Denver, No. 35 

Pri-State chapter, Tulsa, Okla. No. 36 

British Columbia chapter, Vancouver, B.C. No. 37 

Central Michigan chapter, Marshall, No. 38 

June 30-July 1-2, of this year, at Chicago, the Fourth 

\nnual Chapter Chairman Conference where incom- 
ing Chapter Chairmen and Vice-Chairmen will meet 
in a three-lay conference to discuss and study the 
work of the Association and their chapters. 

lo this meeting will come the chosen leaders of youn 
chapter, gray iron men, steel men, brass men, malleable 
men, pattern men, and supply and equipment men, all 
vitally interested in the production of castings, all to 
learn of the other fellow’s problems. Also to learn of 
the importance of the casting industry; its history; to 
dream of its future; and to learn how to improve your 
industry, plant and products. 

How I wish all of you men here today could be at 
this meeting to see how eagerly these men will approach 
the activities of this three-day conference. ‘These meet- 
ings are serious business to these chapter ofhcials. Start- 
ing at an early hour their discussions continue through- 
out the three-day session. 

Even an onlooker would be dull if he did not feel 
aroused and heartily stimulated by the sincerity of 
these men and the new ideas that they develop from 
their discussions and instructions. ‘These chapter chair- 
man conferences are the great meetings of our Asso- 
ciation. Here are made the acquaintances, the contacts, 
the friends—here are found the sources of information 

here is developed the know-how of leaders. My only 
wish is that all of you could sit in and observe this new 
bubbling enthusiasm; it speaks well for the future of 
the American Foundrymen’s Association. 

Now that I have pointed out the highlights of this 
annual meeting where men from all divisions of the 
industry are gathered, may I say just a few words about 
another meeting which has been carried on this year. 

[his is a group consisting of two top elected execu- 
tives of each branch or division of the industry, the 
presidents and vice-presidents of the Malleable Found- 
ers’ Society, Gray Iron Founders’ Society, Non-Ferrous 
Founders’ Society, Steel Founders’ Society, Foundry 
Supply Manufacturers’ Association, Foundry Equip- 
ment Manufacturers’ Association, National Founders’ 
\ssociation, and our own Association. 

The elected ofhcers of these long established associa- 
tions have had several meetings this year, not formal 
but very intimate meetings where we are each learning 
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definitely about each organization, its hopes, its plans, 
its objectives, its resources, and its manpower. 

We are coming together as a beginning; we are 
working together for progress; and we are determined 
to keep together for success. 

We are meeting informally under the organization 
name of the Castings Council, without permanent of- 
ficers, without definite plans, and without a budget. 
But, with growing confidence in each other and with 
an increasing belief that from our efforts will come an 
over-all casting group which can tie together all groups 
interested in casting of metals, we are forging ahead. 


Tie The Associations Together 


We have met thus far without fanfare or publicity, 
but with open minds and sincerity of purpose. 1am not 
only hopeful, but truly believe that eventually we will 
come forth with an organization that will tie togethe: 
all of our individual associations and make it possible 
to do a better job for the entire industry. 

It has been my privilege this year to personally visit 
a number of the A.F.A. chapters. I have, in company 
with your Executive Secretary or other staff members, 
traveled close to 50,000 miles, and have already visited 
fourteen foundry or chapter centers and expect to visit 
an additional number before the year closes on July 1. 
These visits have covered a wide area, from Seattle and 
Portland in the Northwest to San Francisco and Los 
Angeles along the Pacific shores, to Birmingham, Ala- 
bama, in the Southeast section, to Boston in the North 
east, to Toronto, Canada in the north, to Houston and 
Lufkin, Texas in the southwest corner of the nation. 

At each of these points I have held from one to six 
meetings with management people, with officers and 
Boards of Directors, various chapter committees, and 
general meetings with the membership. In all I have 
attended 50 or 60 meetings, and in addition thereto 
have made innumerable calls upon foundrymen in 
their own plants and offices wherever I have gone. 

In addition to these meetings which I have attended, 
\.F.A. Vice-President Kuniansky has met with addi 
tional chapters as have several other directors and 
some members of the staff. 

Everywhere I have gone I have found a warm and 
enthusiastic welcome from members anxious to do 
their part in carrying on the work of the Association. 
It has been a glorious experience for me and I am 
proud indeed of the spirit of this great Association. 

I have been impressed particularly by the feeling of 
unity among our members. There is a feeling of cor- 
diality between supply and equipment people and the 
men in the plants, between technicians and operating 
men and, as for management men, | am gratified and 
thrilled with the attendance that we have had at the 
management luncheons. I hope and really believe that 
management in these centers where I have had the 
pleasure of visiting have a new conception of what the 
A.F.A. is doing for their men. 


Chapter Interest Increasing 
Everywhere I have gone I have had encouraging re- 
ports of increasing interest and activity in all chapte! 
areas. Letters that have reached me since our visita- 
tions convince me beyond question that we are moving 
to an improved position among the industries. 
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I am convinced from my observations this year that 
\merican Foundrymen’s Association is soundly o1 

nized and functioning well; that it is fulfilling its 
cepted obligation as outlined in our by-laws; and is, 
st, “Properly promoting the arts and sciences ap 
icable to metal castings manufacture,” and second, 
mproving the methods of production and the quality 
castings. 

We are in a fine position financially. The spirit and 
ithusiasm of the membership is high. We are fon 
nate in having a Board of Directors of outstanding 
tality, sincere of purpose and with a burning zeal to 
nder unselfish service. 

Ihe incoming officers and directors are outstanding 
n of long experience and leadership. Our staff at 


ie National Office is of high quality, earnestly and 


irmoniously working for our welfare. Our new quai 
rs at the Chicago office are a great improvement. We 


have many new things to do, plans are being made 

I am more convinced than ever, gentlemen, afte 
almost a lifetime in the foundry industry, that “The 
FOUNDRY isa GOOD place to work” and, may I add 
with enthusiasm, it is getting better all the time 

In closing, may I take just a moment to express to 
my fellow ofhcers and directors, to the committec 
chairmen and their committeemen, my sincere pet 
sonal thanks and the gratitude of the membership for 
their cooperation and earnest help during this yea 

And now, gentlemen, may I thank you all for your 
very great kindness to me and may I thank you, too 
for the very great honor which you have given to me, 
the highest honor that can come to a foundryman, and 
my earnest hope is that I have not served you in vain 
and that from my efforts and those of my fellow workers 
have come benefits which will bear fruit for the bette: 
ment of this great basic American industry 











Report of the Secretary 
for the 
Fiscal Year 1946-47 


Membership 


Association membership continued to show a healthy 
a net increase of 1144 members during the fiscal 
vear, ended June 30, 1947. The total membership on this date 
was 9683, as against 8539 on the same date a vear ago. 

Of the total of 9683 members on June 30, 8809 or 90.9 per cent 
were affliated with Chapters, as against 90.8 per cent a year ago; 
144 (772 a year ago) held no Chapter affiliation; 430 (392 a year 
ago) reside in countries outside North America. The chart of 
membership growth for the past 51 years ilustrates the continued 
upward trend in membership since 1934, when the first A.F.A. 


The 


growth with 


Chapter was organized. 
Membership Efforts in 1947-48. 
1947-48 will be concentrated on the following efforts: (1) 
tain a greater percentage of membership renewals than a year 
ago, when approximately 7 per cent of our members were dropped 
as delinquents on December 30, 1946; (2) to seek an increase in 
foundry firms where no 


Our membership work for 
To ob 


our membership, especially among 
memberships are held, and thus broaden the base of our entire 
membership; (3) to increase, conservatively, the number of Pei 
sonal ($8.00 per year) Members in each Company or Sustaining 
Member organization; (4) to work more closely with the Chapter 
Membership Committee, by providing new membership aids. 
Iwo steps have been taken to increase the number of member 
ship renewals; (1) Offering a 20 per cent discount on A.F.A. Pub- 
lications for renewals within 30 days of due date, an offer utilized 
by a fair percentage of members but which, as an accepted A.F.A. 
practice, shouid be used more widely from now on; (2) offering 
to all members in all classes a paper-bound copy of the 1947 
TRANSACTIONS gratis, for the first time in a number of years. It 
is believed that these steps will materially help membership work. 


Chapters 


During the past year, five new A.F.A. Chapters were approved 
by the Board of Directors: the Washington Chapter, at Seattle; 
Timberline Chapter (formerly Rocky Mountain Empire Chap- 
ter) , at Denver, Colo.; Tri-State Chapter, at Tulsa, Okla.; British 
Columbia Chapter, at Vancouver; and Central Michigan Chapter, 
at Marshall. These bring to a total of 38 the number of Chapters 
established since 1934. (One Chapter, the University of Minnesota 
Student Chapter, is still inactive but we have hopes of early 
reorganization) . 

Interest in the formation of additional Chapters has been ex- 
pressed in recent months from New England; Williamsport, Pa.; 
Chattanooga, Tenn.; and Provo, Utah. A letter has been received 
from the New England Foundrymen’s Association requesting in- 
formation on the question of Chapter affiliation, and this inquiry 
will be followed up early this Fall. 


Chapter Problems. Some concern has been expressed over the 
formation of Chapters in areas where the possibilities of a large 
membership simply do not exist. Several Chapters have also 
expressed the view the A.F.A. should take a more definite interest 
in Chapter financing, especially in the first three to five years of 
a Chapter’s establishment. Inability to contact personally all 
Chapters at frequent intervals undoubtedly has given rise to a 
feeling that some Chapters are carrying on activities not too well 
directed. These thoughts indicate the desirability for more at- 
tention to establishment of two-way obligations between A.F.A. 
and its Chapters an obligation on A.F.A. to give greater 
assistance to Chapters needing help, and an obligation on the 


Chapters to carry on effectively if they are to remain as Chapters 


representative of the Association. 
We recommend that the Board of Directors give greater con- 
sideration to this problem in the coming year. 


Chapter Visits. The question of visits of National Officers to 
the Chapters remains burdensome, and we doubt if even the ap- 
pointment of a “Chapter Contact Man” will satisfy the desire 
of the Chapters for visits by the President and Vice-President of 
the Association. We believe, however, that the matter might be 
helped greatly if A.F.A. could provide a technical speaker, or even 
formulate and carry through an entire technical program, for 
Chapters during the year. Unless definite steps are taken to avoid 
the urgency of Presidential and/or Vice-Presidential visits to a 
large number of Chapters in a single vear, the task of the A.F.A 
Nominating Committee to select chief officers of A.F.A. will be 
increasingly difficult. 

We recommend that the Board of Directors give serious con- 
sideration to this problem in 1947-48. 

Chapter Chairman Conference. The Fourth Annual Chapter 
Chairman Conference was staged as a three-day meeting at the 
Palmer House in Chicago, on June 30-July 1-July 2. A total of 
14 Chapter Officers attended, as against 37 a vear ago, with every 
Chapter represented except Toledo, whose Chairman was forced 
to cancel at the last minute. For the first time, Mexico City 
Chapter was represented. More time was given this year for floor 
discussion, but the indications that future conferences of 
this type must be worked up and promulgated to the attending 
officers well in advance of the Conference, if best results are to 
be achieved. Doing so is complicated by the fact that most 
Chapters elect new officers in May or even in June, but we intend 
to request that the Conference be made a subject for Chapter 
Board Meetings, well in advance of the event. 

Since 1945 the Chapters have requested, increasingly, that both 
the Chairman and the Vice-Chairman be permitted to attend the 
Conference, and the 1947 Conference delegates again repeated this 
request. The A.F.A. Directors thus far have hesitated to compl 
out of a desire to keep the meeting more or less informal. How 
ever, since the attendance now exceeds 50, we recommend that 
the Board of Directors reconsider the question of inviting both 
the incoming Chairman and Vice-Chairman to future Conferences 
with provision for the Chapters to share in the cost of bringing 


are 


the Vice-Chairman. 


Technical Department 


\ separate report of Technical Director S$. C. Massari deals in 
detail with technical activities of the Association during the past 
year. In addition, several points involving our technical opera 
tions should be commented on in general. It has been suggested 
that the goal of A.F.A. should be a staff member heading up the 
technical activities for each seperate metals division, such as gray 
iron, steel, malleable, etc. . all under the overall jurisdiction 
of the Technical Director. We intend to add a Ferrous Technica 
\ssistant as soon as a capable man is found. 

However, the goal mentioned cannot be realized in full unde 
our present revenue circumstances. It has been suggested that, in 
order to achieve this goal, A.F.A. might approach the various 
trade associations of the industry for partial solution of this 
problem and in the interests of greater industrial cooperation. 

The reserve of $100,000, held in the name of the Techni 
Development Program, as stated in the Secretary's Report a yea! 
ago, is still intact. This reserve was set up as a cushion f 
maintenance of technical activities in the event of decreased re 
enue due to slackening of industrial activities. 

The reserves for the Cupola Research Project diminished son 
what during the past year for the production of the Cupo! 
HANDBOOK, but have since been restored through sales of t 
handbook. With the approval of the Cupola Research Comn 
tee, it is intended to reimburse the fund for any withdrawals 
behalf of the Project, reserves beyond this point to be used 
reimburse the General Fund for administration thereof. 


- 


, 


Pt elle, na Semin d Ss 








$s to 


ap 
sire 
it of 
t be 
even 
: for 
void 
to 

F.A 
lL be 


con- 


aptel 
t the 
al of 
ever\ 
orced 
City 
floor 
es oft 
nding 
ire 
most 
ntend 
lapte! 


| bot 
id the 
“d this 
omph 
How 
d that 
r bot! 
rences 
ingin 


eals 
1€ past 
opera 

ee 
reested 
up the 


as gra\ 


diction 


chnic: 


| under 


that, 


various 


of tl 
ation 
echnik 
ta ye 
lion | 
sed re 


ad son 
Cupo 
. of tl 
Comn 
awals 


used 











REPORT OF OFFICERS 


Publications 

1 he Report of Technical Director Massari outlines work during 
the past year on Special Publications, and the direction of our 
efforts during the coming year. It has become evident that more 
attention must be given to continuous preparation of new books, 
so as to keep our book lists entirely up to date. Consequently, 
steps are being taken to implement this need early in the new 
fiscal year. 

It has been evident for some time that insufficient use has 
been made of our Technical Library, consisting of some 1200 
volumes. It is felt that this Library, if kept in efficient and 
catalogued order and added to as worthy publications appear, 
can be of far greater usefulness to both the Staff and our members 
Cherefore, approval has been obtained to add a Librarian to the 
\.F.A. Staff. In addition to maintaining the Library, the Libra 
rian will be required to prepare abstracts on various technical 
subjects and to maintain a “Who's Who” of the industry for use 
by the AMERICAN FOUNDRYMAN editorial department, the Board 
of Awards, and the Nominating Committee. 


1947 Convention 


[he technical program of the 1947 Convention at Detroit, 
\pril 27-May I, is adequately covered in the Report of the Tech 
nical Director, S. C. Massari. 

Some 2914 registered at the Detroit Convention, with total 
ittendance estimated between 4500 and 5000. No accurate count 
could be obtained since no control of attendance is possible at a 
non-exhibit convention. 

It is probable that the success of the Detroit technical con 
vention will induce other cities in Chapter areas to invite A.F.A 
for similar annual meetings. The experience at Detroit indicates 
that between 1500 and 2000 guaranteed hotel rooms are necessary 
for such a non-exhibit convention, a fact which makes possible 
taking these technical meetings to a number of foundry centers 
not visited for many vears. 


Educational Activities 

Progress in educational activities is covered in the separate 
report by Technical Director Massari. 

lo reinforce our educational program during the coming year, 
it is intended that H. F. Scobie be freed, as much as possible, from 
other Staff duties in order to concentrate on this program. A 
tremendous interest has been aroused in educational efforts 
throughout the foundry industry, and opportunity exists for 
A.F.A. to play a major part in this work—an opportunity that is 
immediate and pressing. 


American Foundryman 
With the experience of two years, the AMERICAN FOUNDRYMAN 
begins its third year in its present enlarged scope with an excel- 
lent record financially, but with need for additional editorial 
improvement. Under the direction of Terese Koeller, advertising 
revenue grossed $95,000 and $85,000 during 1945-46 and 1946-47, 
respectively. It is now our belief that the advertising program 


XVil 


can be advanced still further to the point where advertising 
revenue can provide, as it originally was intended to provide, a 
steadier source of income than has been possible from exhibits 
held biennially. Accordingly, steps have been taken toward this 
end for the coming vear. 

During the past year, the Technical Department has cooperated 
splendidly in obtaining worthwhile articles for AMERICAN 
FOUNDRYMAN and in reviewing articles for possible publication 
However, as the magazine advances editorially, it will become 
necessary to relieve the Technical department of responsibility 
for the major part of such procurement and review. As a result 
the AMERICAN FoOUNDRYMAN Staff will have to be increased edi 
torially if it is to hold its own, and such increases must become 
a consideration of increased advertising revenue to the end that 
AMFRICAN FOUNDRYMAN shall be entirely self-sustaining 


Staff Organization 


During the past year, Staff organization plans have been dis 
cussed at length with the Executive Committee and, thanks to the 
wise counsel of the Committee Members, we are well on the way 
to more definite delineations of duties for a Staff capable of 
handling the constantly growing demands of an increasing mem 
bership and a progressive industry. The readjustments of the 
past two years, coupled with the desire for long-range planning, 
have brought about greater understanding as to the size and 
caliber of Staff required. It is now recognized that additional 
activities must be considered from the standpoint of their effects 
on present activities and the personnel required for their accom 
plishment. 

New and enlarged quarters for the National Office were ob 
tained, early in 1947, and have contributed to greater efficiency 
in carrying Out our operations. Under present conditions, con 
siderable expense was incurred in remodeling these quarters, and 
further contemplated additions to the Staff may make necessary 
consideration of additional office space 


Appreciation 


The wholehearted and ready willingness of the Board of Direc 
tors and the Executive Committee to consult with and advise the 
National Office Staff has been of the greatest help and encourage 
ment during the past year of our operations. From the standpoint 
of administration, we cannot stress too strongly the thought that 
such close cooperation between the National Office and the Direc 
tors is equally important to close cooperation between the Na 
tional Office and our Chapters, if A.F.A. is to continue its present 
rate of progress. The opportunity to discuss our problems with 
the Directors, in terms of service to the foundry industry, is of 
inestimable value to the satisfactory performance of Staff obliga 
tions, and we hope that the policy of frequent meetings with the 
Board and Executive Committee will be continued. 

Respectfully submitted, 
Wa. W. MALonry, Secretary 











Report of the Technical Director 
for the 
Fiscal Year 1946-47 


During the course of the year, progress reports have been made 
to the Executive Committee and the Board of Directors, so that 
they might be fully apprised of important activities. Following 
isa brief consolidated statement of the entire year’s work, grouped 
in accordance with the more important phases of our technical 


activities 


Technical Committees 


A review of the technical structure at the beginning of the year 
gave a definite indication that it should undergo a reorganization 
for the purpose of streamlining the various committees, and 
establishing a uniform type of divisional organization to accom 
plish proper interrelation and appropriate representation within 
the division and between the several divisions. Through such an 
organization, we could hope to achieve a better understanding on 
the part of the several committees, attain greater efficiency of 
performance ,and avoid duplication of effort. 

Following approval by the Board of Directors, the committee 
reorganization plan was submitted to the several divisions for 
their consideration, and fortunately was welcomed. In accordance 
with the dictates of the plan, a complete Committee Roster was 
prepared, only after the written acceptance by each member of 
a committee. This plan reactivated the Technical Correlation 
Committee, the policy-making gfoup for all technical activities, 
which had its first meeting in s€veral years in Chicago on June 
20, 1947. This meeting proved to be most effective and served 
to lay the foundation for future policies relating to committee 
operation, convention planning, and the publication policies. 
This group approved the Rules for Committee Operation, thereby 
establishing well integrated mechanism for committee perform 
ance. 

With few exceptions, the divisional activities are working effec 
tively, this being especially true of the Program and Papers Com 
mittees, so essential for a convention program composed of papers 


of a high standard of quality. 


A.F.A.-Sponsored Research 


Following approval by the Board of Directors of the A.F.A. 
sponsored research plan, several research projects are already 
actively under way. Sand Research and the Heat Transfer Re- 
search Projects are actively functioning, and a great deal of 
progress has been made. Definite contracts for the coming year 
have already been executed. 

Of the remaining divisions, the Aluminum and Magnesium 
Division has planned its research project and a definite contract 
has been entered into with Battelle Memorial Institute. Work 
will be initiated on this project in early Fall. 

The Brass and Bronze and Malleable Divisions have prepared 
their projects and are ready to proceed, following approval by the 
Board of Directors of the expenditure of funds. The Steel, Gray 
Iron, and Pattern Divisions are in process of organizing their re- 
search committees and deciding upon their initial project. 

The Cupola Research Project has just employed a research 
worker for the purpose of making plant surveys of cupola opera- 
tion, under the direction of the committee. In addition, we have 
been successful in obtaining the cooperation of the Canadian 
Bureau of Mines on this project, at no cost to the American 


Foundrymen’'s Association. 


Educational Activities 


The Educational Division was formed on October 18, 1946, to 
coordinate the activities of existing committees in the fields of 
apprentice training, foreman training, and engineering schools. 
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The result has been unity of action with renewed vigor and 
interest in foundry educational work. 

Major educational activities of the year are: 

(a) Three outstanding educational sessions at the 1947 con 
vention, including the Educational Division Business Meet 
ing. 

(b) Formation of a Youth Encouragement Committee and the 
Development of a good youth encouragement program. 

(c) Publication and partial distribution of two booklets, THE 
FouNDRY Is A Goop PLACE TO WorK and MILITARY ASSIGN- 
MENTS RELATED TO THE FOUNDRY INDUsTRY to employment 
agencies, educational publications, personnel directors, li 
braries, foundrymen and students. 

(d) Publication in AMERICAN FOUNDRYMAN of one educational 
article or committee report each month, as well as miscel 
laneous news items of educational interest. 

(e) Increased interest in the 1947 A.F.A. Apprentice Contest 

by wider publicity and more attractive prizes. 

Formation of a revised countrywide educational program 
and a chapter educational program, both of which were 
presented at the 1947 Chapter Chairman Conference. 


(f 


Convention Program and Publication Policy 


During the beginning of 1946, we attempted to establish a 
much needed publication policy, which among other things estab 
lished a deadline date for papers which were to be accepted for 
the convention, the development of an Author’s Offer Form, and 
a Reviewer's Form for the Program and Papers Committee. This 
policy likewise involved the preprinting of all convention papers 
for the 1947 Convention, and 62 technical papers were presented, 
including seven which were published in the Pre-Convention 
issue Of AMERICAN FOUNDRYMAN. 

Che Guipe TO AUTHORS was completely revised and made avail- 
able to all prospective authors. This publication has met with 
general acceptance and we have received numerous requests for it 

Convention plans are well formulated and the Program and 
Papers Committees are actively working on the convention pro 
gram for 1948, 


Special Publications 


The 1945 Annual TRANSACTIONS were available for distribution 
in October 1946. The 1946 TRANsactions will be printed by this 
Fall, and we hope to have the 1947 TRANsAcTIONS available 
about the first of the coming year. Paper bound copies of the 
latter TRANSACTIONS will be available gratis to members on request 

Che following books were published and offered for sale during 
the year: MALLEABLE FOUNDRY SAND AND CoRE PRACTICE SYM 
POSIUM, FourTH ANNUAL FouNpDATION LecrurRE (“Test Bars fo! 
85-5-5-5 Alloy, Their Design and Some Factors Which Affect 
Their Design”) and reprints of the following: Founpry Cos! 
METHODS; SYMPOSIUM ON MALLEABLE IRON MELTING; FUNDA 
MENTALS OF DESIGN, CONSTRUCTION, OPERATION AND MAINTENANC! 
or EXHAUST SYSTEMS; TENTATIVE CODE OF RECOMMENDED PRA 
TICES FOR TESTING AND MEASURING AIR FLOW IN EXHAUST SYSTEM 
SYMPOSIUM ON GRAPHITIZATION OF WHITE CaAsT IRON. 

The book on Castinc Derects should be available approx 
mately October Ist, 1947; the SyMpostuM ON Dust ConTROL about 
August 15, 1947; and the History oF THE CasTINGs INDUsTRY b) 
the end of the year. The following publications likewise are 
process of editing, revision or preparation by a committee: Sy? 
POSIUM ON PROPERTIES OF GRAY CAST IRON, THE MICROSCOPE '\ 
ELEMENTARY METALLURGY, Core Book, FOUNDRY SAND TEST! 
HANDBOOK, and SyMPOSIUM ON MAGNESIUM FouNprRy ALLoys. 


Fall cil ay 
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The Committee on Precision Investment is progressing rapidly 
the preparation of a book on this subject. A committee of the 
\Malleable Division is actively engaged in the preparation of a book 


Recommended Practices for the Malleable Foundry 


Cooperation With Other Societies 


pon request of the American Society of Tool Engincers 


I 
\.F.A. prepared a chapter on Cast Metals for inclusion in theii 


Handbook; similarly, a very comprehensive manuscript was pre 


Foundry Educational Foundation, of which the A.F.A. is a spon 
soring society. A profitable contact has been made with the Army 
Navy Munitions Board, to establish proper liasion between A.F.A 


and this group, so as to be helpful in their industrial planning 


Technical Service 


During the period 


November 1, 1946 to June 30, 1947, the 








ind vared for the American Society of Mechanical Engineers for their technical staff replied to 230 individual technical inquiries re 
Metals Handbook. Both of these publications are now in process ceived 
f editing and very likely will be available within the near future Phe technical staff has been appreciative of the understanding 
_ Active cooperation has also been maintained on_ technical support and cooperation received from the Executive Committees 
Pet natters of mutual interest with the American Society of Mechani and the Board of Directors during the past vear. Their counsel 
cal Engineerrs, Society of Automotive Engineers, American Society and encouragement have been extremely helpful in accomplishing 
the for Testing Materials, American Standards Association, American a more orderly organization of our technical affairs 
A. Society of Engineering Education, and the American Vocational Respectfully submitted, 
DHE \ssociation. Active participation has been maintained with the S. C. Massari, Tgehnical Director 
IGN 
ent 
ili 
mal 
cel 
— Comparative Condensed Balance Sheet 
As of June 30, 1945, 1946 and 1947 
Tram 
were 
ASSETS June 30,1945 June 30,1946 June 30, 1947 LIABILITIES June 30,1945 June 30,1946 June 30, 1947 
Cash $ 86,920.86 $131,341.19 $ 58,216.09 Accounts Payable § 374.40 $ 18,197.08 § 26,618.98 
Securities 131,993.90 181,949.60 181,949.60 Reserves $9,939.99 51,069.06 52,134.53 
Accounts Receivable 2 404.59 9 379.56 9,457.28 Accrued Items 9013.17 733.05 
sh a Inventories 21,364.52 33,182.95 23,898.63 Deferred Income 8,893.70 12,991.53 24,264.13 
stab Prepaid Expenses 206.73 1,780.21 13,815.04 Unexpended Special 
1 for Furniture & Fixtures 2,017.93 3,765.59 6,354.21 Funds 141,705.87 164,699.80 174,346.16 
and ~-=- Surplus 13,995.07 112,428.51 15,594.00 
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apers Porat $244,908.53 $361,399.10 $293,690.85 
nted 
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» and 
. pro Condensed Statement of Income & Expense 
(All Expenses Distributed to Major Activities) 
Fiscal Year July 1, 1946-June 30, 1947 
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li H Membership Dues $158,382.96 
10 * ° . 
on tt H Publications ee 25,808.84 
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4 bl AMERICAN FOUNDRYMAN 84,046.25 
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SYM ; ian alii 
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, Cos ’ EXPENSE 
FUNDA FE Total Expense 
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Sustaining Members 
Company Members 
Personal Members 
Student and Apprentice Members 
Honorary Life Members 
Foreign Members 

Total 
New Members, 12 months 
Resignations 
Delinquents dropped 
Removed by death ... 
Net gain for year 


Members in Chapters ........... 


Chapters 


Birmingham 
British Columbia 

Canton District 

Central Illinois 

Central Indiana . 

Central Michigan 

Central New York .. 

Central Ohio .. 

Chesapeake 

Chicago 

Cincinnati 

Detroit Pe A Rn eer 

E. Canada and Newfoundland 
Metropolitan 

Mexico 

Michiana ; 

Northeastern Ohio . 

Northern California 

No. Illinois-So. Wisconsin 
Northwestern Pennsylvania . 
Ontario 

Oregon 

Philadelphia 

Quad City 

Rochester 

Saginaw Valley 

St. Louis 

Southern California 

Texas 

Timberline 

DE? vive cies uvabeeuadeie on 
Tri-State 

Twin City . 
Washington 
Western Michigan 
Western New York 
Wisconsin 


Total in Chapters . 
Total Foreign ; 
Total Outside of Chapter ....... 


OT yy | eee 


Comparative Membership Report 


As of June 30, 1943-1947 Inclusive 


Sustaining 


4 
0 


NrOANNN + ws) 


~ 
oO 


~ 


=—oownoorc=! wr 


June 30, 
1943 
113 
1,341 
3,958 
79 
54 
120 


5,665 


1,172 
150 
384 

20 
618 


5,003 


June 30, 


1944 
169 
1,471 
1,720 
42 
55 
163 
6,620 
1510 
215 
316 
24 


955 


5,902 


Chapter Distribution 
June 30, 1947 


Company 


41 
14 
$3 
9 
37 
7 
34 
$2 
28 
121 
50 
60 
52 
70 
12 
40 
86 
30 
21 


21 
91 
11 
69 
42 
13 
19 
49 
62 


32 


1437 


Personal 

67 
16 
15 
17 
34 
18 
28 
26 
40 
121 
53 


118 
25 
66 
47 


oF 


66 
132 
33 
54 
27 
45 
13 
24 
19 
51 
92 





1845 


A filiate 


156 
30 
19 

104 

167 
on 
af 
94 

126 
92 

502 

144 

285 

197 

202 


135 
308 
132 
64 
63 
101 
56 
189 
129 
76 
229 
139 
151 
53 
17 
47 
45 
121 
25 
171 
130 
353 
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FIrTy-FIRST ANNUAL MEETING 


June 30, 


1946 

183 

1,462 

6,426 

20 

58 

390 

8,539 

1,743 

370 

631 

18 

724 

7,767 

Apprentice 

and Student 
p 
0 
0 
7 
3 
0 
0 
0 
I 
15 
3 
8 
5 
0 
0 
2 
$ 
2 
0 
Z 
I 
2 
I 
l 
0 
1] 
5 
0 
0 
0 
0 
3 
5 
0 
0 
0 
7 
87 


Honorary 
and Life 


Membership Membershit 


I 
0 
0 
| 
0 


June 30, 
1947 

193 

1,548 

7,359 

89 

64 

430 


9,683 


2,164 
186 
829 

5 

1,145 


8,809 


Chapter 


ee 
275 


65 
141 
142 
248 


me 
52 


159 
190 
198 
808 
265 
177 
356 
395 

50 
220 
533 
261 
107 


107 
999 

71 
229 
995 


aaa 
560 


8809 
430 
444 


9683 
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Recommendations of Retiring President 
Wood 


a Vs 


tl APPEARS to me that 
| not only fitting and proper but indeed an obligation that I 


should put before vou some of the thinking and conclusions on 


as your retiring Executive Officer, it is 


irious angles of operation and activities that have been brought 
ome to me as we have dealt with the problems of the yea 
[ should like to point out briefly my observations as to things 
it have been done successfully, and call your attention to some 
stakes that we may have made. This I am doing for the benefit 
of incoming officers in order that they may avoid mistakes of the 
ist and profit by our successes. All of this I am presenting, not 
ith anv desire whatever to commit you to policies of this year 
yut rather to be helpful to all concerned, to the end that we may 
ontinue to progress 


First of all, it has been said many times that this is a technical 


ociety, an educational institution, to which I agree. To my mind 
either one of those things alone will make this a permanent 
ganization We are committed to certain things as a matte 


of business procedure and I think we should be careful that we 
lo not allow ourselves to run wild in thinking only along techni 


lines, or only along educational lines 





i There has been a strong feeling in my mind that we are not 
- lizing the full thinking of our Board members in our activities 
9 You are all busy men; you are all over-crowded with work 
5 Therefore, there is always a reluctance among your officers to 
l npose excessive travelling incident to more frequent Board 
2 eetings. As a result, I feel that many Directors may have felt 
8 he lack of a full understanding of what goes on, lack of familiarity 
2 with the policies and plans as they are brought out by agenda 
9 it the few meetings held. 
0) May I therefore suggest that we endeavor to increase the insight 
8 i of our Board members by assigning to them individual or group 
8 : hinking upon specific questions constantly arising, to the end 
na q hat each member, at home and at his leisure, may prepare him 
77 i self to give the whole Board of the Executive Committee the 
56 : benefit of his careful and best thinking on that particular subject 
95 i Chis member might then well be invited to attend an Executive 
50 | Committee meeting to give the Committee his mature thoughts 
20 4 ind lead the discussion, thereby avoiding decisions often hurriedly 
33 3 irrived at by Executive Committees as a result of crowded calen 
61 4 dars which leave too little time for study and decision. 
|07 4 It is my feeling, based upon observations of this year’s meet 
110 ngs at Chapters, that eventually we musi give thought to the 
317 formulation of definite policies on Chapter operations and con 
100 rol. The Chapters have been created and built up until now 
356 largely by unguided evolution, with the result that we have great 
229 ’ variance in the activities, operations and thinking within these 
120 groups—some good, some bad. 
285 Should we not put together a committee from our Board to 
266 tart thinking and planning definitely for this problem of policy 
359 control for Chapters, with no desire to take away from the Chap 
127 ers their individuality but rather to provide them with an over 
79 * ill guide that will point out the areas within which they must 
96 : perate for the general benefit of the Association as a whole? 
107 E In my judgment this should be done rather soon, for tomorrow 
222 is ay be too late. Tomorrow the tail may be wagging the dog and 
71 ve may find that some carelessly operated Chapter may unthink 
229 gly fall into the fault of assuming that they have no responsi 
225 E lity to the general Association. 
560 ¢ How many Chapters should we have? Can there be too many 
3809 4 Chapters? These questions and others of a similar nature involve 
430 Fi careful thinking. Our Chapters are improving constantly, but we 
444 a ust give concentrated thinking to questions similar to these. 
—_— k Can we not well put two or three of our Directors to work 
9683 bt inking on such problems against the day when we may suddenly 


€ confronted with a delicate and difficult problem of deciding 
4 hat to do with this Chapter question? Would not each one of 


XNXi 


attack 


become an expert upon this par 


vou Directors welcome the opportunity to some pat icular 


question as an assignment and 


ticular subject so that your Executive Committee and officers 


might turn to you for expert opinion when this question may 


iris¢ 


Chapter Chairman Conference 


We have just held our fourth Chapter Chairmen’s Conference 
and I am only sorry that all Directors could not have been present 


to see this group of new chairmen at work, attentively and en 


thusiastically trying to learn how to become the best possible 


leaders of their Chapters. It was indeed inspiring and enthusing 


to see these men at work 


Phese conferences have become, in my judgment, the best 


meetings of the year, and I am particularly proud to have been 
However 


badly 


Chapter contact man whose business it is to visit ¢ hapters con 


a part of the group of men who conceived this idea 


these meetings occur only once a year, and we need a 


tinuously. Today we are trying to find a man to do the job. It 


is a big order and men of this type are scarce. It is my hope that 


we will continue in our search and that soon we may be successfui 
in finding and employing a man capable and willing to attempt 


this job 


Inter-Society Relations 


During the past year your officers have endeavored to better 


the relationships existent between the American Foundrymen’s 


(Association and the various trade associations and other groups 


allied with the foundry industry. Much progress has been mace 
along this line, but it must be an ever-continuing process 

The National Castings Council is making progress and is pain 
stakingly putting in the footings for a substantial structure that 
will accomplish much for the industry if we continue to unselfish 
ly support this effort 

It is my hope that we shall continue to vigorously promote 
better relationships between independent societies and groups 
within our industry. May I suggest that this next year our elected 


officers issue invitations to elected officers of these other groups 
one group at a time, in order that they may meet and discuss our 
common problems to promote better acquaintanceship and under 
standing? 
May 


the 


also strongly urge a vigorous and continuing support by 
Educa 
present is a 


American Foundrymen’'s Association for the Foundry 
which this 


This Foundation is meeting with remarkable 


tional Foundation, of Association at 
sponsoring member. 
enthusiasm and is in the hands of fine management, all of which 


speaks well for its sponsors and truly merits our support. 


National Officer Nights 


As you very well know, I have this year visited a number of 
Chapters. 


although, I can assure you, an exhausting one. 


It has indeed been a rare and pleasant experience 


You will remember that last year when I accepted this assign 
men of the asked for the 
privilege of changing somewhat the usual routine of National 
Officer visitations at the various Chapters. | asked for this privilege 
due to the fact that I have for some years had a definite feeling 
that something must be done to sell management on the American 
Foundrymen’s Association. 


acting as your President for year, I 


With that thinking in mind, whenever I have visited Chapters 
I have tried to arrange for at least two distinct meetings: first, 
a Management luncheon to which only top management was in 
vited; and second, a meeting with the Board of Directors and 
Committee Chairmen of the local Chapters. If the occasion of 


my visit happened to coincide with a regular Chapter meeting, 
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I would also arrange to appear at that regular meeting of the 
Chapter membership, not as the principal speaker but as an extra 
speaker on their regular program. 

In none of these meetings have I attempted to make a tech 
nical talk, for several simple reasons. First, in the case of man 
agement and the boards, they were interested in thinking other 
than of technical matters; and in the case of the general member 
ship meeting, the avoidance of a technical talk was due to the 
fact that, it being their regular meeting, they had already arranged 
for one. One other reason is a personal one—the fact that I have 
been so long removed from the technical part of foundry activities 
that IT no longer feel competent to assume the responsibility fon 
a talk of this nature 

My remarks in each case have been concerned with sales talks 
for the American Foundrymen’'s Association, its value to indi 
viduals, employer and employee, and the process by which it 
oO} crates 

For me to express an opinon as to the success of my efforts 
would be presumptuous indeed. Such an appraisal must come 
from the words of commendation immediately following the meet 
ings and letters which have’ come to me later from those in at 
tendance. I am convinced, however, that if I have failed to sell 
the American Foundryvmen’s Association to the above-mentioned 
groups, it is not because the idea was wrong but only because 
I have not been able to do the job personally as well as others 
might have done it 

It is my strong conviction that this type of effort is well worth 
while. It can be done only by National Officers and Directors, 
and | commend this type of effort to the Directors for the en 
suing year. 

If in your judgment this idea is meritorious and should be 
continued, T would sincerely recommend careful advance plan 
ning to set up these three meetings for Chapters with proper 
advance arrangements to dignify them. I consider it very im 
portant that the anticipated attendance have a definite idea as 
to what is going to be discussed and the purpose for which the 


meetings are being held. 


National By-Laws 


May I suggest some thought be given to our By-Laws Com 
mittee. Many times situations arise wherein it appears that 
changes in by-laws might clarify and solidify our controlling boun- 
daries. These situations appear generally in the midst of discus 
sions pertaining to matters far removed from the question of 
by-laws, and due to the fact there is not at hand sufficient time for 
the Executive Committee or the Board to give much thought to 
the particular point. 

Would it not be constructive to put such questions immediately 
into the hands of the By-Laws Committee for their consideration, 
asking that they study, recommend and report back upon the 
point in question as soon as convenient? This would obtain think- 
ing on the matter while it still is in the minds of the Board o 
Executive Committee and could be put into the files together 
with any action suggested by the Board or Executive Committee, 
against the day when general revisions might be in order as a 
result of an over-all study by the By-Laws Committee. 

the By-Laws Committee, it appears to me, should be a stand- 
ing committee, charged of themselves to make suggestions ot 
changes as necessary, and to give thought and study to such points 


as mentioned above. 


Apprentice Contest 


As you know, we have an Apprentice Contest of long standing 
and indeed a worthy effort. It appears to me we might well give 
it some additional attention and expand the number of Chapters 
participating, as well as the number of contestants. 

Might we not give better publicity to the men involved? To 
publicize the winners is fine, they are to be congratulated; but 
should we not publish the names of all contestants? Is not the 
weakest contestant to be commended, at least for entering the 
contest? Should we not make sure that his boss, the man at the 
top, knows of his effort in order that the apprentice may take 
more pride in his effort, even if not a top winner? 

It is my feeling it would be well worth while to examine 
anew this whole apprenticeship contest and make more of it. 
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A.F.A. Awards 


What about annual awards? How many of our Board members 
are thoroughly informed as to this activity? Who are the recipients 
of these awards? How are they chosen? I am not raising these 
questions in criticism, but rather to arouse interest, increase the 
significance and strengthen the dignity of the awards, lest in our 
lack of knowledge of what is involved we become careless in our 
search for merit. 

Let us not allow a lack of information as to these awards 
cause a lowering of standards of merit and thereby the quality 
of honors which we wish to bestow. Awards are highly prized, 
but only if the standards of merit are jealously protected. Should 
we not have a committee of the Board to study this activity? 


Nominating Procedures 


\nother question involving by-laws, consistent methods and 
procedures which seems to merit attention and study, is the 
matter of selection of our Nominating Committees, and all! of the 
election procedures. With an ever-expanding membership and an 
increasing number of chapters, the present procedures are be 
coming somewhat cumbersome. Those who have had experience 
with election matters in recent years will concur, I am _ sure, 
in the opinion that study is necessary to clarify the operation 
and so assure proper representation. 

This is quite an involved subject and I am not making any 
proposal except to invite your consideration of the whole matter. 


“American Foundryman’”’ 


May I direct your thinking for a few minutes to the subject of 
AMERICAN FOUNDRYMAN? You know, of course, that only recently 
did we decide to expand this publication and to accept adver 
tising. 

I am more than ever convinced that in adopting this policy we 
acted wisely. It must be said, however, that in so doing it plunged 
us into a very perplexing activity; an activity which calls for the 
best thinking of all of us. 

We have made much progress with this publication. The 
future is ahead of us, a future which will be a credit to the 
American Foundrymen’s Association if we but plan carefully 
be wise in policy and pursue our policies vigorously. 

Our reading public is composed of a membership at many 
levels. It must necessarily continue so. Reader interest must be 
not only maintained, but increased to the end that the entir 
membership reads “from cover to cover.”” We must take care not 
to lose sight of the basic things we are trying to accomplish with 
this activity, and we must plan our policy accordingly. We must 
strengthen our editorial staff and our advertising sales personnel 

Only a high grade publication will do credit to the Association 
It is my sincere hope that plans for renewed vigor in this activity 
will be an accepted part of the future. 


Appreciation 


Ihe foregoing points I trust will be helpful, and once again 
I would assure you that they have been mentioned with no desir¢ 
to commit the Board, its committees or its officers to any of them 
but rather in a spirit of helpfulness for the general welfare. 

Suggestions which I may have for the Staff have been given to 
various members and have been presented to them in a simila 


. Spirit. 


In closing, may I thank you most sincerely for the opportunity 
that you have given me to serve as your Executive Officer for th 
vear 1946-47. It has been a glorious experience which I shal 
cherish throughout my life. 

Your courtesy and kind helpfulness has been most graciou 
and I am deeply appreciative. If I have rendered some service « 
value, I shall be happy indeed and shall truly feel that I hay 
made at least a partial payment on the great debt which I ow 
to A.F.A. 

To the Staff goes my very best thanks for a job well done. 
am deeply grateful for the cooperation I have had from all mer 
bers of the group, and I am happy to commend them to t! 
incoming Officers and Directors. Their job is a difficult one; 
calls for hard work, long hours, tact, tolerance, patience, unde 
standing, and a willingness to serve an ever-changing group. 
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Fourth Annual Chapter Chairman Conference 
June 30-July 2, 1947 — Palmer House, Chicago 


PROGRAM 


Monday, June 30 


suc MORNING PROGRAM 
Presiding Chairman, Bill Wallis. Jntroduct Remarks 


on purpose of Chapter Chairman Conference 


Welcome to Chapter Officers President 8S. V. Wood 
Round-the-Table Introductions Chairman W. B. Wallis 
K v Your A.F.A President § V. Wood 


basi 


\ brief outline of A.F.A 


policies and aims, and its place in the Foundry Industry 


its origin, deve lopment 


] hnical Actunties of AF.A Tech. Dir. 8. ¢ Vassari 
\n outline of how A.F.A. functions to develop and dis 
seminate technical and practical information for found 
rymen. Publication policy. Research activities 

Technical Publications of A.F.A. Tech. Dir. 8. C. Massar 


Description of some major publications of A.F.A., in 
cluding published books, books being revised, new books 
scheduled. The A.F.A. Library 
National Office Operations Sec’'y. W. W. Maloney 
How the National Office operates in the interest of the 
relations with 


Chapters and the membership. Closer 


the Chapters. Conventions and Exhibits. Organization 
“Off-the-Record.” Membership reports 

Remarks by Vice-President Kuniansky 
00 pM AFTERNOON PROGRAM 
Chairman Wallis, presiding 
{MERICAN FOUNDRYMAN Chairman Wallis 
President Wood 12 
Kuniansky 


Bringing out scope and plans for “American Foundry 


Vice-President 


man.” Purpose and importance of magazine in present 
form, service to membership, place of magazine in Asso 
ciation activities. Practical articles wanted 
Chapter Programs Vice-President Kuniansky 7, 
}) pM DINNER FOR CHAPTER CHAIRMEN 
Chairman Wallis. 
Secretary Maloney 


4. McFaul, De Paul University. 


Presiding 
{nnouncement 
Guest Speaker I 


Subject: “So You Think You're Slipping.” 
Tuesday, July 1 
9:30 AM MORNING PROGRAM 


Chairman Wallis, presiding. 
Chapter Operations Chairman Wallis, Moderator 
Entire Morning Program will be devoted to a PANE! 
Discussion on Chapter Operations, panel to include 
Chairman Wallis as Moderator, a Panel Guest from 
among the Chapter Delegates and the following: 

President Wood, Director Walls, Director Smith, 

Secretary Maloney, Technical Director §. C. Massari 
.Panel Guest: E. C. Troy, 

Philadelphia 


Experiences and discussion relating to the holding of 


Management Meetings 


meetings for Top Management. 
2) National Officer Visitations ...Panel Guest: W. E. Jones, 
Birmingham 
Experiences and suggestions on staging National Officer 
Nights during 1947-48, and discussion of plan for more 
efficiently arranging such visits. How program should 
be arranged. 
3) Membership Activities .Panel Guest: O. L. Voisard, 
E. Canada-Newfoundland 
Discussion of Chapter membership activities and how 
Membership Committees function. How new member 
applications are handled and approved. Membership 


aids of National Office. Holding present members. 


XXill 


30 PM 


Llection procedures ot 


Number, In 


Elections 


Discussion on Nominatior ma 


the Chapters Selection, Appointment 


structions, Attendance, Candidates 


») Chapter Officer Succession Panel Guest: R. J. A 
HWuscons 
Discussion of Chapter policies regarding definite plans 


for the succession of Officers. as now employed by a few 


Chapters. What experience should represent considera 
tion for Director, for Secretary, for Treasurer, for Vice 
Chairman, and for Chapter Chairman. Advantages (o1 
disadvantages) of a paid Secretary 

Panel Guest: W. W. Bowris 
Detroit 


Discussion of Chapter by-laws in light of (a) Uniform 


6) Chapter By-Laws 


Issuance to 
Number of 
Number of Board Meetings per year 
Panel Guest: ]. W. Clarke 

V. W. Pennsylvania 
Chapter self supporting 


ity b) Conformity with National by-laws 


new members Amendment procedure 


Directors specified 


Chapter Finances 


Discussion on how to make 


Dues revenuc budgets — advertising — special solicita 


tions. Importance of Treasure1 Average reserves per 


member. Where to utilize surplus for good of Chapter 


Statements of Income and Expense for National Office 


15pm. LUNCHEON 


Presiding—Chairman Wallis 

Guest Speaker—G. K. Dreher, Executive Director 
Cleveland 
Subject: “The Foundry Goes to College 


Found 


rv Educational Foundation 


AFTERNOON PROGRAM 
Chairman Wallis, presiding 
Ht Scovdtu 


Outline and discussion of Educational activities under 


National Educational Activities 


taken by National Association 
ters in 1947-48 


Opportunities for Chap 


Chairman Wallis 
Herb Scobie 


Chapter Educational Activities 


Discussion of Chapter Educational Committee activities 
and desirability of having such a Committee in ever) 


Chapter. Some outstanding Chapter work 


President Wood 
\ brief description of the Council and its possible future 


National Castings Council 


importance to the Foundry Industry 


National A.F.A. Financing Sec’y-Treas. Maloney 
Outline of A.F.A. financial policy with comment on 
present financial status. Where the A.F.A. Dollar Comes 
Where the A.F.A. Dollar 


Income and Expense 


From Goes. Comparative 


Wednesday, July 2 


9:30 am MORNING PROGRAM 


Chairman Wallis, presiding 

Entire Morning Program devoted to presenting (a) In 

formation of direct value to Chairmen in running their 

Chapters, and (b) Presenting information of personal 
value to Chapter Officers 

The Chairman’s Job 
By special arrangements, Harold Hauslein, of Harold 
Hauslein & Associates, Chicago, with broad experience 
in training sales personnel, was invited to conduct the 
entire program 








XXI\ 


Here are the important subjects covered 
| Courtesies to the Guest Speaker 
2? The Meeting Room Setup 
9 


») Selling 


up the Speakers Table 

1) Handling Tickets at the Meeting 
5) Arranging the Entire Program 

6) Proper Microphone Technique 

7) Arranging the Technical Program 
8) How to Induce Technical Discussion 


Q) The S pe ech of Iniroduction 


10) The Speech of Presentation 


Fir ty-First ANNUAL MEETING 


ll) The Speech of Acceptance 
12) Getting up on Your Feet 
Official Remarks 
bv Chairman Wallis and President Wood 
12:50 pm LUNCHEON 
Presiding—Chairman Wallis 
Guest Speaker—George N. Sieger, President and Gen 
Mer., 8.M.S. Corporation, Detroit. 
Subject: “How to Run a Meeting.” 
2:15 pm AFTERNOON PROGRAM 
Chairman Wallis, presiding. 
“The Shakeout” 
2:55 pm CLOSING REMARKS 
by Chairman Wallis and President Wood. 


Chairman Wallis 


ATTENDANCE 


Conference Chairman, W. B. Wallis, President, Pittsburgh Lectro 
melt Furnace Corp., Pittsburgh, Pa.; Vice-President Elect. 

National President, $. V. Wood, President, Minneapolis Electric 
Steel Castings Co., Minneapolis. 
National Vice-President, Max Kuniansky, Vice-President and Gen 
eral Manager, Lynchburg Foundry Co., Lynchburg, Va. 
National Director, J]. H. Smith, General Mgr., Central Foundry 
Div., General Motors Corp., Saginaw, Mich. 

National Director, 8. C. Wasson, Megr., National Malleable & Steel 
Castings Co., Cicero, Il 

National Director, B. L. Simpson, President, National Engineering 
Co., Chicago. : 

Guest Speaker (Dinner, June 30) —E. A. McFaul, Head, Dept. of 
Speech, DePaul University, Chicago. 

Guest Speaker (Luncheon, July 1) —G. K. Dreher, Executive Di 
rector, Foundry Educational Foundation, Cleveland. 

Guest Speaker (Morning, July 2)—H. F. W. Hauslein, Harold 
Hauslein & Associates, Engineers and Contractors, Chicago. 

Guest Speaker (Luncheon, July 2) —George N. Sieger, President 
and General Manager, $.M.S. Corp., Detroit. 

Guest—D. L. Parker, Fdy. Supt., General Electric Co., W. Lynn, 
Mass.: President, New England Fdymens. Assn. 

Guest—W. H. Gude, Managing Editor, The Foundry, Cleveland 


Chapter Officers 


Birmingham—Chairman W. E. Jones, Chief Engineer, Stockham 
Pipe Fittings Co., Birmingham, Ala. 
British Columbia—Secretary-Treasurer L. P. Young, metallurgist, 
\-1 Iron & Steel Foundry, Ltd., Vancouver, B.C., Canada. 
Canton—Chairman C. F. Bunting, foundry metallurgist, Pitcairn 
Co., Barberton, Ohio. 
*Vice-Chairman FE. H. Taylor, plant engineer, F. E. Myers & 
Bros. Co., Ashland, Ohio. 

Central Illinois—Chairman A. V. Martens, president, Pekin Found 
ry & Mfg. Co., Pekin, Ill. 

Central Indiana—Chairman W. B. Ziegelmueller, vice-president 
and general manager, Electric Steel Castings Co., Indianapolis. 

Central Michigan—Chairman D. J. Strong, president, Foundries 
Materials Co., Coldwater, Mich. 

Central New York—Chairman R. A. Minnear, foundry superin 
tendent, Ingersoll-Rand Co., Painted Post, N.Y. 

Central Ohio—Vice-Chairman F. W. Fuller, field engineer, Na 
tional Engineering Co., Westerville, Ohio. 

Chesapeake—Chairman W. H. Holtz, superintendent, American 
Brake Shoe Co., Baltimore, Md. 

Chicago—President F, B. Skeates, foundry superintendent, Link 
Belt Co., Chicago. 

Cincinnati—Chairman E. A. Kihn, general foreman, Cincinnati 
Milling Machine Co., Cincinnati. 

Detroit—Chairman W. W. Bowring, sales engineer, Frederic B. 
Stevens, Inc., Detroit. 
*Vice-Chairman A. W. Stolzenburg, products and process 
engineer, Aluminum Co. of America, Detroit. 

Eastern Canada and Newfoundland—Chairman O. L. Voisard, 
general superintendent, The Robert Mitchell Co., Ltd., Mon 
treal, Que. 


Attending on Chapter’s request. 


Metropolitan—Chairman K. A. De Longe, Development and Re 
search Div., International Nickel Co., New York, N.Y. 
Mexico City—President Manuel Goicochea, general managet 
Fundiciones de Hierro y Acero, S.A., Mexico City, Mexico. 
*Secretary-Treasurer N. S. Covacevich, Owner, Casa Covace- 
vich, Mexico City, Mexico. 
Michiana—Chairman H. B. Voorhees, foundry superintendent 
Peru Foundry Co., Peru, Ind. 
Northeastern Ohio—President H. C. Gollmar, general manager 
Flyria Foundry, Elyria, Ohio. 
*Vice-President E. C. Zirzow, Core Room Foreman, National! 
Malleable & Steel Castings Co., Cleveland. 
Northern California—President A. M. Ondreyco, plant manager 
Vulcan Foundry Co., Oakland, Calif. 
Northern Illinois-Southern Wisconsin—Chairman John Clausen 
foundry engineer, Greenlee Bros. & Co., Rockford, Hl. 
*Secretary-Treasurer L. C. Fill, foundry superintendent, Geo 
D. Roper Corp., Rockford, Ill. 
Northwestern Pennsylvania—Chairman J. W. Clarke, assistant su 
perintendent of foundries, General Electric Co., Erie, Pa. 
Ontario—Chairman James Dalby, manager, Wilson Brass & Alu 
minum Foundries, Toronto, Ont. 
Oregon—Chairman A. R. Prier, manager, Oregon Brass Works 
Portland, Ore. 
Philadelphia—Chairman E. C. Troy, vice-president, Research and 
Development Div., Dodge Steel Co., Philadelphia. 
Quad City—Chairman R. H. Swartz, general manager, Riverside 
Foundry Co., Bettendorf, Iowa. 
Rochester—President L. C. Gleason, foundry engineer, Gleason 
Works, Rochester, N.Y. 
Rocky Mountain Empire—Treasurer J. W. Horner, Jr., vice-presi 
dent, Slack-Horner Brass Mfg. Co., Denver, Colo. 
Saginaw Valley—Chairman M. V. Chamberlin, metallurgist, Dow 
Chemical Co., Bay City, Mich. 
*Vice-Chairman O. E. Sundstedt, vice-president and general 
manager, General Foundry & Mfg. Co., Flint, Mich. 
St. Louis—Chairman N. L. Peukert, supervisor, Carondelet Found 
ry Co., St. Louis. 
*Secretary P. E. Retzlaff, assistant superintendent, Busch-Sulze: 
Diesel Engineering Co., St. Louis. 
Southern California—President H. E. Russill, vice-president, Eld 
Metal Co., Los Angeles, Calif. 
Texas—Chairman M. W. Williams, foundry manager, Hughes 
Tool Co., Houston, Texas. 
rri-State—Chairman R. W. Trimble, foundry superintende: 
Bethlehem Supply Co., Tulsa, Okla. 
I'win-City—Chairman S. P. Pufahl, president, Pufahl Foundry 
Inc., Minneapolis. 
Washington—Chairman C. M. Anderson, vice-president, Eagle 
Brass Works, Seattle, Wash. 
Western Michigan—Chairman C. H. Cousineau, metallurgist, West 
Michigan Steel Foundry Co., Muskegon, Mich. 
Western New York—Chairman E. A. Jones, plant superintendent 
Lumen Bearing Co., Buffalo, N.Y. 
*Vice-Chairman M. J. O’Brien, Jr., assistant works manage! 
Symington-Gould Corp., Depew, N.Y. 
Wisconsin—President R. J. Anderson, works manager, Belle Cit) 
Malleable Iron Co., Racine, Wis. 
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Minutes 


Ist Meeting 1946-47 Board of Directors 
Hotel Stevens, Chicago—|uly 26, 1946 


sent President S. V. Wood presiding 
Vice-President Max Kuniansky 


Directors: H. A. Deane J. Sully 
F. J. Dost J. H. Smith 
E. W. Horlebein B. L. Simpson 
H. H. Judson F. J. Walls 
J. FE. Kolb S. C. Wasson 
R. T. Rvcroft F. M. Wittlinge: 
S. C. Russell L. C. Wilson 
Secretary-Treasurer Wm. W. Malone 
Present: Retiring Directors: R. M. Jacobs, R. J. Teeto 


W. B. Wallis, retiring Treasurer C. F. Hovt 
Directors: G. K. Dreher, H. G. Lamket 
President Wood iccepted the gavel from Retiring President ] | 
President of A.F.A 


sure at having served as a Director and Vice President unde 


VW s as the new 


and expressed his ‘reat 


idministrations 


Election 


of Executive Committee ar Stall Off 


\s a first order of business President Wood ippointed a Board 
ng Committee consisting of Director Horlebein as Chair 
nd Directors Russell and Simpson, to place in nomination 


nembers of the Board for election to the 1916 Executive 


( ittee, as well as names for the election of Staff Officers. The 
( mittee retired and on return offered in nomination for the 
Executive Committee the names of Directors Sully, Smith, Walls 

Wilson, to serve in accordance with the By-Laws of the 
\ssociation, with the President and Vice-President. On motion 


iade, seconded and carried, the Directors nominated were 


d unanimously elected by the Board 


The Nominating Committee recommended that the offices of 
Secretary and Treasurer be combined and nominated Secretary 


\\ W. Maloney as Secretary-Treasurer for the fiscal vear. On 


by Director Horlebein, seconded by Director Rycroft and 
mously carried, the Secretary-Treasurer was elected 
Recommendations of the Finance Committee were presented 
( ng with staff compensations in excess of $3600.00 per year 
ering the fiscal vear 1946-47. On motion by Director Horlebein 
seconded by Director Russell, the recommendations were approved 
The Board unanimously approved the appointment of S. (¢ 
Massari as Technical Director and John P 
| 


Mullen as Assistant 
surer in charge of Publicity and Public Relations Work, both 
the fiscal year ending June 30, 1947. 


ipproval of 194647 Budget 


President Wood announced that the 1946-47 Finance Committec 
vould consist of Director Walls, as Chairman, Vice-President Max 
Kuniansky, and the President. He stated that the Finance Com 


ee had held its first meeting in Chicago, June 27, for the pur 
pose of formulating a 1946-47 budget of estimated income and 
expense 

On motion by Director Smith, seconded by Director Wilson, the 


idget as prepared by the Finance Committee was approved 


futhorization for Appointment of Standing and Special 
Committees 


I iwccordance with an accepted Board procedure, President 


Wood entertained a motion authorizing the President to appoint 
Standing and Special Committees as might be deemed necessary, 
subject to approval by the Board. Motion was made by Director 
Smith, seconded by Director Rycroft, and unanimously carried 
President Wood then declared that with the exception of the 
Finance Committee, personnel of which he had already an 
ounced, he would withhold appointments to the various stand 
ig and special committees until a later date. 
President Wood also announced that Chairmanship of the 
tional Membership Committee had been accepted by Vice 
President Kuniansky, and that the Chairman of each Chapter 


N 





Membership Committee would comprise the i { the 
Committee personnel 
{ction on Recomme i s of Boa fp 
Recommendations of the 1945-46 Board were considered am 
ictions taken by the 16-47 oard coverin he fiscal vear ended 
t tak by the 194 Board the f 1 


June 30, 1947, as follows 


1) On motion of Director Smith, seconded by Vice-President 


Kuniansky, the recommendation on retirement compensation 
proposed for Treasurer C. F. Hoyt in resolutions of the Board 
dopted July 19, 19145, and as recommended by the 1915-46 Boar 
was ipproved 

b) On motion by Director Sn seconded by Director Horle 
beir the recommendation on retirement compensat ol lor Sex 
retary Emeritus R. FE. Kennedy, as approved by the Board of 
Directors on July 19, 1945, was approved for extensio lu 
the 1946-47 fiscal veat 

It was announced by the Secreta that other obligations as 
sumed by the Association on behalf of Secretarv Emeritus R. 1 
Kennedy, in accordance with resolutions taken at the 1945 Annual 
tjoard Meeting, had been concluded prior to June 50, 1946 

c) On motion by Vice-President Kuniansky, seconded by 


Director Smith. it w iS Expressed as the sense of the Board, and as 


recommended, that Treasurer C. FE. Hoyt and Secretary Emeritus 


R. FE. Kennedy 


to the 


whose services have proved of incalculable value 


Association and to the foundry industry as well over more 


than a quarter of a century of A.F.A. progress, be definitely retired 


as of August |, 1946, and that the Secretary be given no discretion 


Motion unanimously carried 


otherw ise 
d On motion by Director Teetor, seconded by Director Smith 


the recommendation for compensation of N. F. Hindle during the 


fiscal year 1946-47, covering the expected period of his convales 
cence, was approved 

r Recommendations for adoption of a program for (1 Tech 
nical Committee Organization 2 1947 Technical Convention 
Program 3) A.F.A. Sponsored Research, and (4 A.F.A. Publi 


cation Policy, were unanimously approved 


fy) Recommendations covering (a) authorized signatures tor 
establishing a General 


establishing a Cupola Research Fund checking account 


issuance of checks by the Association, (b) 


Reserve Fund checking account at the Trust Company 
and (« 
at the Northern Trust Company, were approved 
g) Recommendations that First, Second and 
National 


$50.00 and $25.00 respectively 


Third prizes in 
each of four contests for the Contests of 


A.F.A. be 


were approved 


Appre ntice 
increased to $100.00 


h) Recommendation that President Wood be authorized to 
explore further the matter of A.F.A. participation in an over-all 
Committee of Foundry Associations, subject to approval by the 


Executive Committee of possible commitments, was ipproved 


Safety and Hygiene Program 


Lengthy discussion took place regarding the proposed A.F.A 


Safety and Hygiene Program, Director Wilson commenting ex 
tensively on the status of his investigations as Chairman of a 
lemporary Committee appointed by the 1945-46 Board to explore 
Due to lack of 


time, this subject could not be covered at the Annual Meeting of 


the need for and possibilities of such a program 


the 1945-46 Board, being referred to the new Board for considera 
tion and possible action. On motion by Director Walls, seconded 
by Director Horlebein, the Board instructed the Secretary to pro 
cure membership by A.F.A. in the American Standards Association 

It was pointed out that action by A.F.A. on the proposed Safety 
and Hygiene Program might well be withheld pending further 
investigation of the possibility that such a program might become 
in undertaking of an overall committee of the various foundry 
associations, or that it might be underwritten by such a group 
In view of the purely formulative period existing with regard 
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to such an overall committee, it was the sense of the Board that 
action by the A.F.A. Board on the Safety and Hygiene Program 
should be withheld pending further report by President Wood 
It was felt that such a report might well be considered at the next 


meeting of the Executive Committee of the Board. 


French Foundry Congress 


The Secretary called attention to the holding of a French 
Foundry Congress in Paris on October 18, 1946, and stated that 
it was possible that a meeting would be held at that time con 
cerning revival of the former International Committee of Foundry 
Fechnical Associations. It was pointed out that Vincent Delport 
of London is still the European Representative on the A.F.A 
Committee of International Relations. On motion by Director 
Russell, seconded by Director Horlebein, the Secretary was in 
structed to request Mr. Delport to act officially for A.F.A. at the 
French Foundry Congress in October, 1946 


1947 Chapter Chairman Conference 


On motion by Director Horlebein, seconded by Director Deane 
the Board approved the holding of a 1947 Chapter Chairman Con 
ference, the time to be announced at a later date. 

In connection with recommendations made at the 1946 Chap 
ter Chairman Conference, the Board expressed the opinion that, 
due to lack of time, such recommendations should be presented 
before the next meeting of the Executive Committee for proper 


consideration 
1947 and 1948 Convention Cities 


Ihe Secretary called attention to an invitation extended July 
1945 by the Northern California Chapter for A.F.A. to hold the 
1947 Convention and Exhibit in San Francisco. He pointed out 
that, dwe to an implied policy of holding exhibits in even-num- 


FirTy-FIRST ANNUAL MEETING 


bered years, the question of exhibit support of such an event was 
of considerable importance. He reported conversations held to 
determine the possible degree of such support had given evidence 
that it would be difficult to stage a successful 1947 exhibit on the 
West Coast 

Director Wilson expressed the opinion that the West Coast 
would not be interested in a non-exhibit Convention but would 
prefer awaiting such time as a combined Convention and Exhibit 
could be held in that area, largely due to the great distances be 
tween Chapters. He emphasized, however, the interest of West 
Coast foundrymen in having the Annual Convention and ex 
pressed the hope that such an event might materialize in the 
not distant future 

Vice-President Kuniansky pointed out that every consideration 
should be given the West Coast for a future Convention and 
Exhibit but that considerations of revenue as well as distances 
would necessarily have to be taken into account. Following some 
further discussion, Director Horlebein moved that the selection 
of the 1947 Convention city be referred to the Executive Com 
mittee for decision. Motion seconded by Director Wilson and 
carried. 

With regard to the 1948 Convention city, the Secretary reported 
that conversations were being held but that recommendations 
could not yet be made. The consensus was that the matter should 
be referred for future action by the Executive Committee. 

There being no further business, the meeting was declared 
adjourned. 

Respectfully submitted, 
Wma. W. MALonry, 
Secretary-Treasurer 
APPROVED: 
S. V. Woop, President 
August 15, 1946. 





Minutes 
Meeting 1946-47 Executive Committee 


Palmer House, Chicago—November 6-7, 1946 


President S. V. Wood, presiding 
Vice-President Max Kuniansky 

J. H. Smith 

Joseph Sully 

F. J. Walls 

L.. C. Wilson 

Secretary- Treasurer Wm. W. Maloney 
Technical Director 8. C. Massari 


Present 


Directors 


Reading and Approval of Minutes 

Minutes of the Annual Meeting of the 1946-47 Board of Direc 
tors, held in Chicago, July 26, 1946, were read and approved. 
{ppointment of Standing and Appointive Committees of the Board 

The personnel of all Standing and Appointive Committees, as 
appointed by President Wood, was read as follows: 

By-Laws Committee—Reappointed as constituted in 1945-46 in 
view of the fact that the Committee has not yet submitted a set 
of revised By-Laws. Personnel reappointed as follows: 

R. F. Lincoln 
C. E. Hoyt, Consultant 
W. W. Maloney, Secretary, ex-officio 


H. Bornstein, Chairman 

H. A. Deane 

FE .W. Horlebein 

W. B. Wallis 

Finance Committee—Personnel as previously appointed: 

F. J. Walls, Chairman 

S. V. Wood 

Max Kuniansky 

International Relations Committee—The previous Chairman, 
F. G. Steinbach, having asked to be relieved, a new Chairman 
was appointed. The Mexico representative was dropped in view 
of the new Chapter status. The European, Brazilian and Aus- 
tralian representatives were reappointed, at least until the Inter- 
national Committee of Foundry Technical Associations is once 
more active, when it may be desirable to appoint a representative 


from each country on the I.C.F.T.A. Tentative personnel: 

\.F.A., Chairman, W. W. Malone 

European Representative, Vincent Delport 

Brazilian Representative, Miguel Siegel 

\ustralian Representative, W. A. Gibson 

U. 8. Ordnance Committee—Technical Director S. C. Massari 
appointed as Chairman pro tem. Balance of committee to be 
appointed as circumstances require. 

Technical Correlations Committee—This committee, inactive 
for several years since the TDP Advisory Committee was estab 
lished, reappointed by President Wood in accordance with recent 
reorganizational plan for A.F.A. Technical Committees, approved 
by the Board in July, with one exception. Although the reorgan 
izational plan calls for the Vice-President of A.F.A. to serve as 
Chairman, on motion by Director Sully, seconded by Directo: 
Smith, it was decided 

THAT the immediate past President of A.F.A. serve as 

Chairman of the Technical Correlations Committee, to- 

gether with the current Vice-President of A.F.A. 

TDP Advisory Committee—Not reappointed, its functions being 
made a part of the reorganized Technical Correlations Committee 

Youth Encouragement Committee—Not reappointed, its activi 
ties being covered in the Educational Division. 

Management Committee—Not reappointed, its present func 
tions being incorporated into the Chapter Contacts Committe: 

Chapter Contacts Committee—Reappointed with the enti 
Board of Directors acting as Committee members, the Vice-Pres 
dent of A.F.A. serving as Chairman. President Wood urged 
every Director to visit as many Chapters as possible during tl 
current year. 

AMERICAN FOUNDRYMAN Policy Committee—Not rea} 
pointed for the present, since functions of previous Policy Con 
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tees dealt largely with the question of regular advertising 
in accomplished fact 
Motion was made by Director Walls, seconded by Director 


Sully. and unanimously carried 


rHAT the 1946-47 Standing and \ppointive Committees 


the Board be approved as offered by the President 
1946-47 Nominating Committee 


The personne | of the 1947 Nominating Committee, having been 

eviously selected in accordance with the By-Laws by the Fxecu 

e Committee of the Board, was announced, with Geographical 

d Industrial representation, as follows: 

Chairman, Past President F. J. Walls, District Manager, In 
ternational Nickel Co., Detroit 

Past President R. J. Teetor, Cadillac Malleable Iron Co 
Cadillac, Mich 

R. S. Davis. Manager, National Malleable & Steel Castings 
Co., Indianapolis— (Central Indiana Chapter) rep. Malle 
ible and Steel 

N. J. Dunbeck, Vice-President, Eastern Clay Products, Inc 
Jackson, Ohio— (Central Ohio Chapter) rep. Supplies 

J]. J. McFadven, Supt., Galt Malleable Tron Co., Ltd., Galt 
Ont., Canada— (Ontario Chapter) rep. Malleable 

F. C. Troy, Foundry Engr., Dodge Steel Co., Philadelphia 
Philadelphia Chapter) rep. Steel 

\f. E. Brooks, Foundry Engr., Magnesium Div., Dow Chemi 

il Co., Bay City, Mich.— (Saginaw Valley Chapter) rep 

Light Metals 

Harry FE. Ladwig, Asst. Gen. Supt., Allis Chalmers Mfg. Co 
West Allis, Wis.— (Wisconsin Chapter) rep. Gray Tron 

R. J. Harrington, Asst. Works Mgr., Hunt-Spiller Mfg. Corp 
soston— (Outside Chapter) rep. Gray Lron 

President Wood stated that since the Committee had been 


osen by letter ballot, it was desirable that the Executive Com 
mittee take action in meeting to approve. Motion was made by 
Director Smith, seconded by Director Wilson, and unanimously 
rried 
THAT the Nominating Committee for 1947, as announced, 
be approved by the Executive Committee 


Membership Report 
The Secretary-Treasuret presented a Membership report show 
total membership on October 31, 1946, of 9,021; 8,792 on 
September 30, and 8,539 on June 30 


Financial Report 


The Secretary-Treasurer presented Financial reports, showing 
the condition of the Association at the end of the first quarter 
September 30, including the Cupola Research fund 

Discussion followed with reference to financial and administra 
ive matters and it was understood that henceforth all expense 
items would be allotted to the various A.F.A. activities in render 
ng financial reports. Director Smith suggested that the original 
iuthorizations and obligations involved in each special fund of 
\.F.A. be investigated for discussion at the mid-year Board meet 


National Castings Council 

President Wood reported on the organization Meeting of the 
National Castings Council and stated that a fourth meeting was 
scheduled for November 8, 1946, making it impossible for him 
© attend. He suggested, and the members of the Executive Com 
mittee individual concurred, that A.F.A. express its willingness 
© cooperate with the council, but not to participate financially 
it this time 
It being learned that former A.F.A. Director I. R. Wagner, 
s about to become President of National Founders Association, 
( was agreed that President Wood would confer with Mr. Wagner 

the earliest opportunity in order to establish with the Council 
ill further the A.F.A. position with reference to participation 

Council activities. 


1947 Convention Program 


[he Secretary presented a published report on the 1947 Con- 
ention of A.F.A. to be held in Detroit, April 28-May 1. He 


presented, for tacit approval of the Executive Committee, an 


uutline program of sessions. Discussion followed as to speakers 
the Opening Day session, the Alumni Dinner, and the Annual 


NANI 


Banquet. It was agreed that a Chapter Officers and Directors 
Dinner should be included and considerable attention given this 
event, with the entire Board of Directors of A.F.A. attending 
is well as Division Chairman The Secretary was instructed to 
submit a program at the mid-year Board meeting in January 

It was agreed to again hold a Canadian Laincheon tor A.F.A 
members in Canada. Other details of the program were con 


sidered generally 


Joint I icational Committee 


Ihe Secretary called attention to a suggestion made by the 
Joint Educational Committee that A.F.A. participate financially 
in a $60,000 Scholarship Fund, This matter was considered at 
the Annual Board meeting in July 1946 and referred back for 
Staff recommendations. Technical Director Massari recommended 
that A.F.A. cooperate with the program without financial par 
ticipation, in view of the feeling that A.F.A. could not sponsor 
specific scholarships in a certain few schools against all others 

It was the consensus that scholarships could best be sponsored 
by individual companies and it was suggested that A.F.A., if it 
should desire to play an active part in providing scholarships 
should promulgate the matter through the Chapters and at the 
Chapter Chairman Conference 

The Secretary was authorized to inform the Joint Educational 
Committee that A.F.A. could not financially participate in the 
Joint Scholarship Fund 


Safety and Hygiene 


Considerable discussion arose on the question of whether or not 
\.F.A. should at this time embark on a full-fledged Safety and 
Hygiene Program with a permanent staff chairman, The Staff 
pointed out the desirability of re-forming the Safety and Hygiene 
Committee of A.F.A 
former Chairman, ]. R. Allan. It was pointed out, however, that 


not reappointed since resignation of the 


a proper Safety and Hygiene program might involve an annual 
expenditure of between $25,000 and $35,000, and that this could 
not come out of current operating funds. Rather, it was 
felt necessary to obtain the cooperation and financial interest 
of all foundry management to make such a program successful 
and it was the consensus of the Committee that such cooperation 
was not in sufficient evidence as yet to warrant announcement of 
a full-fledged Safety and Hygiene Program 

Instead, a motion was made by Director Smith, seconded by 
Director Sully, and carried 


THAT AMERICAN FOUNDRYMAN be used as a medium for 
stimulating interest in Safety and Hygiene work and that 
the Staff take immediate steps to obtain papers for this 


purpose 


It was agreed that the Staff might, if necessary, retain someone 
for this purpose. It was also agreed that the Staff might well 
commence a search for a man to prepare a sound Safety and 
Hygiene program, to eventually head up the program as a 
member of the Staff 


President’s West Coast Trip 

President Wood and the Secretary presented separate reports 
on their West Coast trip, September 28-October 22, during the 
course of which they visited Seattle, Portland, San Francisco and 
Los Angeles. They reported that at Seattle they attended a meet 
ing which resulted in the signing of a petition for a new Wash 
ington Chapter, the 34th Chapter of A.F.A 

President Wood emphasized the point that West Coast foundry 
men are very conscious of their distance from the eastern foundry 
centers and he urged future A.F.A. presidents to maintain closer 
contact with the Pacific Coast Chapters 


New Washington Chapter 


Ihe Secretary pointed out that a petition for a new Washington 
Chapter of A.F.A. had been forwarded to the Board of Directors 
for letter-ballot approval and requested the Directors present to 
complete the balloting at this time. He stated that all ballots 
received had expressed approval of the petition and that the 
Washington Chapter officers would be promptly notified so that 
arrangements could be made for an official installation meeting 
in the near future. 

On motion duly made, seconded and carried, the petition for 
a new Washington Chapter of A.F.A. was approved unanimously 
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By-Laws Interpretations 


Ihe Staff requested interpretation of two By-Laws referring to 
1) the holding of more than one membership by a single indi 


vidual, and (2) factors governing the acceptance of membership 


applications 
a) In view of the fact that membership in A.F.A. is National 
membership rather than membership in a local Chapter alone 


a motion was made by Director Wilson, seconded by Director 


Sully, and carried 


THAT no individual shall be permitted to hold more than 
one membership in A.F.A. in his own name, until otherwise 


decided 
2) 
the Board and as stated at the Chapter Chairman Conference of 
1946, all applications for membership involving Chapter affilia 
first referred to the Chapter Membership Committees 
acceptance. It was the consensus that the 


It was pointed out that, in accordance with suggestion by 


tion are 


for approval betore 


primary consideration in approving membership applications 


should be the interest of the applicant in the objectives of A.F.A 
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\ motion was made by Director Walls, seconded by Director 


Wilson, and carried 


PHAT the Secretary-Treasurer be instructed to clarify the 
legal aspects involved in membership applications, for sub 
mission to the Board at a later meeting. 


Official Visit to Mexico City ( hapte 


The Secretary called attention to the desirability of arranging 
an ofthcial visit to the Mexico City Chapter for the first time and 
suggested that R. L. Lee of General Motors ( orp., Detroit, who 
speaks Spanish, might be asked to make the trip officially for the 
Association. The Secretary was authorized to make such arrange 
ments for a visit at the earliest possible date. 

There being no further business, the meeting was adjourned 

Respectfully submitted 
Wma. W. MALonry, 
Secretary-Treasure) 
APPROVED 
S. V. Woon, President 
January 7, 1947 





Minutes 
Meeting 1946-47 Executive Committee 


Palmer House, Chicago—January 22, 1947 


Present: President 8. V. Wood, presiding 
Vice-President Max Kuniansky 
Directors: J]. H. Smith 

Joseph Sully 

F. J. Walls 

L. C. Wilson 
Secretary- Treasurer Wm. W. Maloney 
lechnical Director S.C. Massari 


Reading and Approval of Minutes 
Minutes of the Executive Committee Meeting held in Chicago 


November 6-7, 1946, were read and approved. 


NOTE: All actions of this Executive Committee meeting 
being subject to approval by the Board of Directors, are included 
in the Minutes of the Mid-Year Board meeting held January 23 
1947, and are shown therein as Recommendations from. this 
Executive Committee meeting) . 

Respectfully submitted, 
Wa. W. MALONEY 


Secretary-Treasure? 


APPROVED: 
S. V. Woon, President 
March 1, 1947 





Minutes 
Mid-Year Meeting 1946-47 Board of Directors 


Palmer House, Chicago—January 23, 1947 


Present: President 8S. V. Wood, presiding 
Vice-President Max Kuniansky 
Directors: H. A. Deane 

F. J. Dost 
G. K. Dreher 
E. W. Horlebein 
H. H. Judson S. C. Wasson 
J. E. Kolb L. C. Wilson 
Secretary-Treasurer Wm. W. Maloney 
echnical Director 8. C. Massari 
Absent: Directors: S. D. Russell, R. T. Rycroft, Joseph Sully, 
F. M. Wittlinger 


H. G. Lamker 
B. L. Simpson 
J]. H. Smith 
F. J. Walls 


Reading and Approval of Minutes 


Minutes of the Annual Board Meeting held July 26, 1946, and 


Minutes of the Executive Committee Meeting held November 


6-7, 1946, were read and approved. 


Minutes of the Executive Committee Meeting held January 22, 
1947 were read in outline as to motions, due to lack of time in 
Approval deferred to next Board 


preparing official Minutes. 
Meeting. 


Membership Report 


The Secretary presented a report on Membership covering the 
6-months period ending Deccember 31, 1946, showing total mem 
bership of 8814, compared with 8539 on June 30, 1946. New 
members added, 1004; members dropped due to cancellations 
death, and delinquency, 731; net gain, 275. Total membership in 
all chapters, 7,939 or 90°; non-chapters, 509; foreign, 366. 

Foreign Memberships. Discussion took place on the matter o! 
accepting foreign memberships, and the dues rates for same, 1! 


being pointed out that the A.F.A. By-Laws make no distinction 


between foreign and domestic memberships insofar as member 
ship classifications or dues are concerned. It was the consensu 
of the Committee, without vote, that foreign memberships b« 
encouraged with no change in dues thereof for the present. 


Financial Report 


A Financial Report for the 6-months period ending Decemb« 
$1, 1946, showed total Income of $233,619.85, and total Expens 
of $154,268.16. In accordance with request of the Executi\ 
Committee, the Financial Report was also presented with a 
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erhead distributed to major activities as follows 


INCOME 
Membership Dues $153,662.32 
Publications 11,347.28 
\MFERICAN FOUNDRYMAN $5.735.25 
Miscellaneous 75.00 
Surplus $2 800.00 
Total S°883.619.85 
EXPENSE 
General Administration S 47.873.79 
Chapter Activities 24.843.44 
Publications 14.334.20 
Technical Committees 17,584.08 
\MERICAN FOUNDRYMAN 18.989.05 
Annual Meetings 5.6438.60 
Total $154 268.16 
Statement of Comparative Cash Balance as of December 31 
46. showed a total of $163,445.52 in cash, in all funds of the 
\ssociation Ihe Investment Record for December $1, 1946 
owed a total of $181,600.00 in all investment funds of the Asso 
on 
: 
. Financial Position as of December 3]. 1946 
Fund Cash Investments 
Checking Account $126.508.89 
- General Reserve Fund 15,984.01 § 35,600.00 
echnical Development Fund 5,136.28 100,000.00 
3 Cupola Research Fund 12,525.65 20 000.00 
4 Award Funds $290.69 °6 000.00 
: 
3 rOTAI $163,445.52 S181 600.00 
“4 
AMERICAN FOUNDRYMAN The Secretary reported on editorial 
udvertising progress Of AMERICAN FOUNDRYMAN during the 
rent fiscal vear. The advertising report showed a gross income 
$31,114.12 for the period July 1-December 31, 1946, compared 
th $44,005.01 for the same period a vear ago 
5 Chapter Organization 
a rhe Secretary reported on the organization of new Chapters 
d announced 
1) Installation of the Washington Chapter at Seattle on De 
cember 20. 1946 
4 2) Installation of the Rocky Mountain Empire Chapter at 
3 lenver, Colo. on January 14. 
y ') The Secretary stated that a petition had been received fon 


>. 1 S6th Chapter, the Tri-State Chapter, with headquarters at Tulsa, 
Okla., and recommended that the petition be approved by the 
Board. A motion was made by Director Horlebein, seconded by 
Director Dreher, and unanimously carried 


THAT the petition of the Tri-State Chapter of A.F.A. be 
uccepted and the Chapter Chairman notified 


( hapte Policy 
Considerable discussion took place concerning the continued 
growth of A.F.A., the admission of additional Chapters, and the 
formulation of some form of National Policy with regard to rela- 
tionship between the National organization and the Chapters 
Motion was made by Director Simpson, seconded by Director 
Horlebein, and unanimously carried 
THAT the Executive Committee consider formulation of a 
National policy on ¢ hapter formation and coordination, for 
submission to the Board of Directors. 


1947 Convention Progress 


The Secretary and Technical Director reported on progress 
of the 1947 Convention Program and discussed a Tentative 
Program, already announced to the membership. The Technical 
Director developed information on the Technical Program, pre- 

; printing of all papers prior to the Meeting, and Committee 
Meetings 

In connection with the ¢ hapter Officers and Directors Dinner 
» be held Tuesday, April 29, during the Convention, it was the 

msensus of the Committee that President Wood act as Chair- 

a in and the Vice-President Kuniansky be the main speaker, so 
to leave with all who attend an inspirational and informative 
essage. It was agreed that all National Officers and Directors 
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and Division Chairmen of A.F.A. should be invited and urged 


to attend 
Vational Castings ¢ 


President Wood reported briefly on a meeting of the National 
Castings Council held in Cleveland, January 17. He expressed 
satisfaction over the degree of cooperation present and stated that 
no permanent officers had as vet been elected by the Council 
He expressed the thought that a prime purpose of the Council 
may be the discussion of industry-wide problems that may aris 


in the tuture 


Recommendations of Executive Committee 
Meeting November 6-7, 1946 


i {ilocation of AF.A. Securities The Secretary- lreasures 
presented, as approved by the Executive Committee, an allocation 
of all A.F.A.-held securities, showing allocation of each security 
to a particular fund of the Association. Motion was made, duly 
seconded and carried, accepting the Executive Recommendation 


; 


PHAT the allocation of A.F.A. fund securities be ipproved 


is submitted 


Following brief discussion, it was the consensus of the Board 
that A.F.A. should continue to purchase U. 8. Government secur 

ties only, in investing Association funds. It w is pointed out that 
ill security purchases by the Secretary-Treasurer are first ap 
proved by the Finance Committee as to amounts, type of securities 


purchase price, ete 


b) Contracts for Research Work Technical Director Massari 
outlined the terms of a new contract drawn up between A.F.A 
and Cornell University in connection with the A.F.A. Sand Re 
search Fellowship at that school. This contract makes mandatory 
the preparation of reports at regular intervals ind provides for 
such contingencies as patent rights, etc. On motion duly made 
seconded and carried, accepting Executive Committee recom 
mendation that the Secretary be authorized to negotiate the con 
tract with Cornell as outlined 

\ further motion was made, duly seconded and carried, ac 
cepting Executive Committee recommendation 

FHAT the Secretary be authorized to sign contracts for 
\.F.A.-sponsored research, following approval of projects 


involved by the Executive Committee of the Board 


c) TDP Advisory Committee 
establishment of the Technical Correlations Committee had made 


It was pointed out that re 


unnecessary reappointment of the TDP Advisory Committee, 
since the functions of the latter can and should be even broader 
than those of the former. It was pointed out, however, that since 
the TDP Advisory Committee was set up by action of the Board 
Board action should be required for its discontinuance. Accord 
ingly, motion was made, duly seconded and carried, accepting 
Executive Committee recommendation 
rHAT the TDP Advisory Committee be suspended as a 
separate body and its functions be incorporated into those 


of the Technical Correlations Committee 


(d) Expanded Publication Policy The Secretary and Techni 
cal Director presented, as recommended by the Executive Com 
mittee, an expanded publication policy for A.F.A., involving 
the following: 

(a) Setting up Editorial Committees in each A.F.A. Division 
to seek out and obtain more original and more practical 
articles for AMERICAN FOUNDRYMAN 

(b) Publication, in general, of TRANSACTIONS material in the 
Annual Bound Volume of TRANSACTIONS alone 

(c) Issuance of the Annual Bound Volume of TRANSACTIONS 
gratis to each member under paper covers in order to fulfill 
the obligations of providing each member with complete 
Convention Transactions. 

Following discussion, a motion was made, duly seconded and 

carried, accepting Executive Committee recommendation 
THAT the expanded publication policy, as outlined, be ac 
cepted and put into effect as promptly as the Staff deems 
feasible. 


(e) Staff Retirement Pian. The President called attention to 
the need, as recommended by the Executive Committee, for set- 


ting up a definite Retirement Plan for members of the National 
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Office Staff, and asked authority of the Board to appoint a com 
mittee to this end After discussion, motion was made, duly 
seconded and unanimously carried, accepting Executive Com 


mittee recommendation 


fHAT the President be authorized to appoint a committee 
on retirement plans for presenting a definite retirement plan 
for members of the National Ofhce Staff, for presentation to 
the Board of Directors at the earliest possible dat 


President Wood then announced the appointment of the Com 
mittee on Retirement Plans, as follows: B. L. Simpson, Chairman 
W. B. Wallis; D. P. Forbes; and S$. C. Wasson. Director Simpson 
as Chairman, reported the intention of his Committee to meet 
soon for presentation of recommendations to a Board meeting in 


the near future 


(f) Membership in ASA The question of A.F.A. membei 
ship in American Standards Association was discussed, membe) 
ship having been previously authorized at the Annual Board 
meeting in July. Followir:, discussion, motion was made, duly 
seconded and carried, accepting Executive Committee recom 


mendation 


THAT A.F.A. become a member body of A.S.A. with annual 
dues of $500.00 per vear, including, for the time being, one 
representative on the Standards Council, and that the mem 
bership be exercised by Technical Director S.C. Massari. 


(g) Board of Awards Procedures. The Secretary-Treasure: 
called attention to the fact that the 1946 Board of Awards had 
recommended to the Board of Directors that consideration be 
given the setting up of some form of recognition for company 
organizations, for their technical contributions and extreme 
willingness to cooperate in the purposes of A.F.A. This matter 
was discussed at the Annual Board meeting in July 1946, but no 
decision reached 

Discussion brought out the point that to distinguish between 
a company or a personal contribution of a technological nature 
would be extremely difficult, and that several A.F.A. Gold Medals 
have already been awarded to individuals on behalf of their com 
panies. Accordingly, motion was made, duly seconded and carried, 


accepting Executive Committee recommendation 


THAT no change be made in the Board of Awards proce 
dures at this time 


(h) Annual Lecture Proposals. It was brought out that the 


1946 Annual Lecture Committee had recommended to the Board 
(a) a change in the name of the Foundation Lecture, and (b) 
setting up some form of emolument for the Annual Lecturer. 
the recommendations, considered at the Annual Board meeting 
in July 1946, were referred back to the Lecture Committee for 
more specific recommendations. 

In the course of discussion it was suggested that the Secretary 
might recommend that the Lecture Committee consider having 
the lecture presented only on alternate years. 

After further discussion, a motion was made, duly seconded and 
carried, accepting Executive Committeee recommendation 


THAT the name of the Foundation Lecture be changed to 
that of the Charles Edgar Hoyt Annual Lecture, and the An- 
nual Lecture Committee be authorized to present to the 
Annual Lecturer some suitable form of recognition, as well 





as an appropriate scroll. 


Recommendations of Executive Committee 
Meeting January 22, 1947 


(a) Apprentice Winners. A recomomendation of the Execu 
tive Committee as presented dealing with a plan to bring the 
Ist-Prize-Winning Apprentices to the 1947 Convention. Motion 
was made by Director Dost, seconded by Director Horlebein, and 
carried, accepting the Executive Committee recommendation 


THAT A.F.A. assume the cost of rail and pullman fare to 
and from the Detroit Convention for the Ist Prize Winner in 
each of the four 1947 Apprentice Contest divisions; that 
Apprentice expenses at the Convention be assumed either 
by the winner, his company, or his Chapter; and that no 
provision be made for the expense of other Apprentice Con- 


test entrants 
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b) Registration Fees \ recommendation of the Executive 
Committee on Registration Fees for the 1947 Convention was 
presented and discussed. Motion was made by Director Horlebein 
seconded by Director Dreher, and carried, accepting the Executive 


Committee recommendation 


THAT a non-member registration fee of $2.00 be charged 
at the 1947 Convention, this fee to be applicable against mem 
bership dues either during the Convention or within a definite 
period of time thereafter; that registering non-members be 
followed up with membership solicitation following the 
Convention through the Chapter Membership Committees 
and that no gratis distribution of preprints be made at the 


Convention 


c) Convention Entertainment Policy Recommendation of 
the Executive Committee was presented, that the A.F.A. policy 
prohibiting the use of public space for entertainment purposes 
as enforced at the 1946 Convention, be modified. Considerable 
discussion arose on the workability of such a policy, Association 
obligations to the industry, past precedent and experience, and 
the like It was pointed out that the discussion revolved solely 
around the use of public space and not private rooms and suites 
It was also pointed out that entertainment, as a whole, should 
be discouraged during the hours of meetings and other official 
events, the feeling being expressed that the question of hours 
might be regulated through hotel cooperation. 

President Wood recalled an announcement and resolution pre 
pared in 1929 dealing with the 1930 Convention of A.F.A., which 


read as follows: 


“The following resolutions, unanimously adopted by the 
Board of Directors, have been unanimously approved by the 
Foundry Equipment Manufacturers’ Association and the 
Foundry Supply Manufacturers’ Association. Furthermore, 
all Cleveland hotels have pledged their cooperation. 


““WHEREAS, the practice of lavish, unwarranted and 
wholesale entertainment in hotel rooms and elsewhere has 
been indulged in by certain exhibitors and others attending 
conventions of the American Foundrymen’'s Association, re 
sulting in conditions inimical to the best interests of said 


Association, and 


““WHEREAS, such practices detract from and tend to 
defeat the purposes of such conventions, reflect discredit on 
the men of the industry and discourage companies from send 
ing their representatives to such conventions, and 

“ “WHEREAS, such practices result in excessive, unnecessary 
and unwarranted expense, contrary to good business ethics 


and practices: now therefore be it 


“ “RESOLVED, by the Board of Directors of the American 
Foundrymen’s Association at the annual meeting held in the 
City of Cleveland, Ohio, September 12, 1929, that exhibitors 
and all other interests concerned be requested to cooperate in 
the abatement of such practices, and that the Manager of 
Exhibits and the Committee on Convention Arrangements 
be and they hereby are authorized and directed to take such 
action as in their judgment may be expedient or necessary to 
abate such practices.’ ’ 

“The cooperation of all visitors is earnestly desired in 
carrying out the spirit of these resolutions.” 


It was further pointed out that the 1947 agreement between 


\.F.A. and the Detroit Hotels contains the following clause: “No 


public space will be rented or permitted to be used for purposes 
of entertainment or meetings during the Convention period 
without the written approval of A.F.A.” 

At the conclusion of the discussion, a motion was made by Vic« 
President Kuniansky, seconded by Director Judson, and carric 


CHAT the “no public space for entertainment” clause in the 
1947 A.F.A.-Hotel agreement be revised to permit the use of 
public space for entertainment purposes between the hours of 
5:00-7:00 pm only, on approval of A.F.A.; that the Foundry 
Equipment Manufacturers’ Association and the Foundry Sup- 
ply Manufacturers’ Association be sent a copy of the 1929 
resolution on entertainment together with official notifica 
tion as to revision of the A.F.A. policy, and that this revised 
entertainment policy be properly publicized for cooperatior 
of all parties interested. 


a lie 
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d) Joint Educational Committee Recommendation of the amount should be made available but that it probably would not 
Executive Committee was presented, suggesting A.F.A. endorse be entirely utilized 
ent of an educational program sponsored by the Joint Ferrous }) Recommendation of the Executive Committee was dis 
Foundry Committee composed of the Malleable Founders Society cussed by the Technical Director, requesting authorization tor 
d the Grav Tron Founders Societys This program involves in expenditure not to exceed $5,000.60 during the fiscal vear 1947 
e financing of both scholarships and facilities for better foundry 18, for an A.F.A.-sponsored research on behalf of a regularly 
struction at five schools: Case School of Applied Science, Cleve submitted project of the A.F.A Aluminum and Magnesium 
id: University of Cincinnati, Cincinnati: Cornell University Division. He stated that this was the first Divisional research 
Ithaca, N.Y.: Massachusetts Institute of Technology, Cambridge project thus far received under the authorization tor such projects 
\Miss.: and the University of Wisconsin, Madison, Wis. Motion given by the Board of Directors at the Annual Board Meeting 
s made by Director Horlebein, seconded by Director Simpson July 1946 
d carried, accepting the recommendation of the Executive Com Following discussion by the Board, motion was made by Director 
tee Horlebein seconded by Director Simpson ind carned, acceptin 
THAT the A.F.A. Board of Directors heartily endorses the the above three recommendations of the Executive Committec 


on A.F.A.-sponsored research 
educational program of the Joint Ferrous Foundry Commit l 


tee, and that the Committee be so notified of A.F.A. desire to k National Machine Tool Sh The Board. on motion by 


issist, Without financial participation Director Wasson. seconded by Director Dost, and carried, a 


; Safety and Hygiene Recommendation of the Executive cepted the recommendation of the Executive Committe 
1 ~ ‘ 
] Committee was presented involving A.F.A. cooperation with the HAT A.F.A. endeavor to participate in the 1947 Machin 
" . > ' . 
nounced intention of the U.S. Public Health Service to survey Tool Show, September 16-26, with a Technical Program 


ilth and sanitation conditions in the foundry industry. Fol echnical Director Massari to be in charge of such partici 





| ; wing discussion, motion was made by Director Simpson, seconded pation, to be worked out with the National Machine Tool 
1 : Director Judson, and carried for the record Builders Association 
. : THAT A.F.A ses eee within the limitations of Associa Recommendation of the Executive Committee was prese nted 
4 tion policy seeking approval for holding the 1948 Convention and Exhibit 
h ; f) Staff Recommendations Recommendations of the Execu at Philadelphia at the Commercial Museum and Convention 
4 e Committee, authorizing salary increases for two Staff mem Hall Motion was made by Director Horlebein, seconded by 
j ers. effective January 1. 1947. were presented On motion by Director Simpson ind carried approving the recommendation 
3 Director Simpson, seconded by Director Wasson, and carried of the Executive Committec 
4 commendations approved , 
aa PHAT Philadelphia be selected for the 1948 Convention 
National Office Headquarters The Secretary announced and Exhibit of A.F.A. and that the Staff be authorized to mak« 
mpletion of plans for moving the National Office Headquarters necessary commitments to that end 
to new, enlarged and more efficient quarters by about February 
ind requested authorization for remodeling expense involved l) Future Convention Cities The Secretary discussed in 
: Motion was made, duly seconded and carried accepting the formally the selection of future Convention cities emphasizing 
y f commendation of the Executive Committee the importance of selecting cities with adequate housing facilities 
as well as meeting rooms and exhibit hall facilities. In connection 
| E THAT approximately $5,000.00 be authorized for altera with 1948, an exhibit vear, he stated that the facilities of Chicago 
cnx necessary to efficient occupancy of new National Office Atlantic City and Philadelphia had been looked into, and recom 
; Headquarters mended that the 1948 Convention and Exhibit be held at the 
: h) Resignation of N. F. Hindle President Wood read a Philadelphia Commercial Museum and Convention Hall 
: : tter from former Technical Director N. F. Hindle. resigning The last previous A.F.A. meeting in Philadelphia was in 1934 
om the A.F.A. Staff as of February 1. 1947. in order to accept Chicago in 1940, and Atlantic Citv in 1915. He recommended 
position as Assistant Professor of Mechanical Engineering at that Chicago be withheld until a later date and pointed out that 
ry - e University of Idaho, Moscow, Idaho. In this letter. Norm Atlantic City would not provide facilities in any form for plant 
cS 4 Hindle thanked the Board of Directors for its consideration in visitations within reasonable distances 
q inting a leave of absence since February 1946, and expressed 
an egrets over his inability to return to active work in A.F.A. The : 
he ; Board, in turn, expressed its regret over circumstances impelling Recommendations of 1946-47 Board of Awards 
rs ’ Norm Hindle’s decision, and motion was made, duly seconded a) Medal Awards. Director Walls, as Chairman of the 1947 
in : d carried, approving the recommendation of the Executive Board of Awards, presented the following recommendations for 
ol Committee approval by the Board of Directors 
nts LHAT the resignation of N. F. Hindle from the National THAT the Joseph S. Seaman Gold Medal of A.F.A. be 
ich Office Staff, be accepted as of February 1, 1947 awarded to Henry S. Washburn, Pres., Plainville Casting 
to ; Co., Plainville, Conn., for outstanding service to the Asso 
1) 1947 Chapter Chairman Conference. Recommendations ciation and valuable contributions to the gray iron casting 
in the Executive Committee pertaining to attendance at the 1947 industry 
ne: te eens renege wee presented and discussed 2) THAT the John A. Penton Gold Medal of A.F.A. be 
tweet on was made by Director Deane, seconded by Director Was awarded to Russell J. Allen, Metallurgical Engr., Worthing 
. “Ne and carried, accepting these recommendations ton Pump & Machinery Corp., Harrison, N.J., for his 
rpos fT HAT invitations to the 1947 Chapter Chairman Confer earnest and unceasing contributions toward the advance 
perio: ei ence be extended all newly elected (¢ hapter Chairmen at A.F.A ment of gray iron technology 
expense; and that the attendance of any one Chapter be (3) THAT the Wm. H. McFadden Gold Medal of A.F.A. be 
y Vict mited to three Officers. awarded to Harry Mark St. John, Supt., Brass Foundry & 
carrie |) A.F.A. Research Projects. (1) Recommendation of Execu Forge Shop, Crane Co., Chicago, for outstanding work in 
1 the € Committee was discussed by Technical Director Massari, the field of non-ferrous casting research over a period of 
ee of juesting approval for an expenditure of approximately $215.00 many years. 
irs of er the original appropriation of $1400.00 for the current fiscal (4) THAT the Peter L. Simpson Gold Medal of A.F.A. be 
indy ir for heat transfer tests at Battelle Memorial Institute, Colum- awarded to Richard Aloysius Flinn, Jr Metallurgist 
sup : 1s, Ohio, American Brake Shoe Co., Mahwah, N.]., for outstanding 
1929 : “) Recommendation of Executive Committee was discussed work during the past year in the field of chilled and white 
tifica the Technical Director, requesting that an additional $2,000.00 iron castings. 
nviser authorized over the original appropriation of $2,000.00 for the On motion by Director Horlebein, seconded by Director Simp 
ration irrent fiscal year, for heat transfer investigations at Columbia son, the recommendations of the Board of Awards on 1947 


liversity, New York. He stated that all of the entire additional Medalists were unanimously approved. 
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b) Honorary Life Membership Awards. Chairman Walls 
presented the recommendations of the Board of Awards on Hon 
orary Life Memberships as follows: 

1) THAT John Grennan, Foundry Practice Instructor, Uni- 

versity of Michigan, Ann Arbor, Mich., be made an Honor- 
ary Life Member of A.F.A. for his long service to the 

Association, collaboration in technical papers of value to 

the industry, and his constant encouragement of young 
men toward the castings industry 

) THAT Sheldon V. Wood, Pres., Minneapolis Electric Steel 
Castings Co., Minneapolis, be made an Honorary Life 
Member of A.F.A. on his retirement from the A.F.A. Presi 
dency 

On motion by Director Horlebein, seconded by Director Simp 


son, the recommendations of the Board of Awards on Honorary 
Lite Memberships were unanimously approved 
Ipprentice Prize Funds. Chairman Walls, for the Board 

of Awards, reviewed the question of funds for the Apprentice 
Contest Awards, pointing out that by action of the Board of 
Directors, these prizes have now been increased from $30 to $100 
for Ist Prize, from S20 to $50 for 2d Price, and from $10 to $25 
for 3d Prize in each of the four Contest Divisions. Thus, the 
Apprentice Awards now total $700 annually instead of $240. The 
Chairman also expressed inquiry as to the availability of the 
Obermayer Fund for apprentice awards. The Board of Awards 
recommended that the Apprentice Contest Funds henceforth be 
drawn trom the General Fund of the Association rather than 
from Award Funds, and that the Obermaver Fund be examined 
is to availability for such purposes 

On motion by Director Judson, seconded by Director Dreher, 
the recommendation of the Board of Awards was approved. 

ad) Annual Lecture Funds. Recommendation of the Execu 
tive Committee was presented, authorizing, as recommended by 
ihe 1946 Annual Lecture Committee, (a) a change in the name 
ot the “Foundation Lecture,” and (b) setting up some form of 
suitable recognition for the Annual Lecturer. Motion made, 
seconded and carried, accepting Execut' e Committee recom 


mendation 


PHAT the name of the Foundation Lecture be changed to 
the Charles Edgar Hoyt Annual Lecture, and the Annual 
Lecture Committee be authorized to present to the Annual 
Lecturer some suitable form of recognition, as well as an 


appropriate scroll 


Chairman Walls, for the Board of Awards, in referring to the 
above action, presented a recommendation from the Board of 
Awards that the expense of recognizing the Annual Lecturer be 
paid from General Funds of the Association, rather than from 
Award Funds. Motion was made, duly seconded and carried, ac 
cepting the recommendation. 

(e) General Recommendations. (1) The Board of Awards 
reathrmed its 1946 recommendation that the National Office 
compile complete information on men of the industry who, by 
reason of their work and accomplishments, might be considered 
by the Board of Awards for Association honors. 
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2) The Board of Awards recommended that the original con 
tracts covering the five award endowments be completely reviewed 
for the purpose of setting up more definite yardsticks for judging 
the merits of individual candidates for Association honors 


SHE ¢ ooperation 


The Technical Director presented a request from the Societ 
of Automotive Engineers for data on the fundamentals of castings 
design for inclusion in the Society's Handbook. It being the 
sense of the Board that A.F.A. should accept this opportunity 
the Technical Director ageeed to prepare such material at ar 


early date 


Report of 1946-47 Nominating Committee 


As Chairman of the 1947 Nominating Committee, Directo: 
Walls presented the following slate of Nominees for election at 
the 1947 Convention 
For President (to serve | year) Max Kuniansky, Vice-President 
and General Manager, Lynchburg Foundry Co., Lynchburg 
Va 

For Vice President (to serve 1 year) W. B. Wallis, President 
Pittsburgh Lectromelt Furnace Corp., Pittsburgh, Pa 

For Directors (to serve 3 vears each) 

FE. N. Delahunt, Superintendent, Warden King Ltd., Mon 
treal, Quebec, Canada 
W. J. MacNeill, General Manager, G.H.R. Foundry Co 
Dayton, Ohio 
R. H. McCarroll, Chief Metallurgist, Ford Motor Co., Dea 
born, Mich. 
John M. Robb, Jr., Resident Manager, Hickman, Williams & 
Co., Inc., Philadelphia 
\. C. Ziebell, President, Universal Foundry Co., Oshkosh 
Wis 

Note: Retiring President 8. V. Wood also serves on the Board 

of Directors for one year, in accordance with the By-Laws 

No action being required of the Board of Directors on selections 
of the Nominating Committee, the Board expressed to Chairman 
Walls its congratulations on selecting a slate of Officers and 
Directors who might be expected to progress the work of the 
\ssociation. 

Chairman Walls informally recommended that the A.F.A. Stafi 
take definite steps to institute a “Who's Who” of the foundry 
industry to the end of facilitating Nominating Committee and 
Board of Awards deliberations in the selection of men who have 
shown their qualifications for National Office by thei \.F.A 
activities and spirit of cooperative enterprise. 

Chere being no further business, the meeting was declared 
adjourned 

Respectfully submitted, 
Wa. W. MALONE’ 
Secretary-Treasure) 
APPROVED: 
S. V. Woop, President 
March 1, 1947 





Minutes 
Meeting 1946-47 Executive Committee 


Palmer House, Chicago—March 19, 1947 


Present: President S. V. Wood, presiding 
Vice-President Max Kuniansky 
Directors: ]. H. Smith 

Joseph Sully 

F. J. Walls 

L.. C. Wilson 
Secretary- Treasurer Wm. W. Maloney 
Technical Director 8. C. Massari 


Reading and Approval of Minutes 


Minutes of the Executive Committee Meeting, January 22, 1947, 


o« 


and Minutes of the Board of Directors Meeting, January 23 
were read and approved. 


, 194 


Membership Report 


Ihe Secretary presented a Membership report showing a tot 
membership of 9142 on February 28, 1947, compared with 8559 
on June 30, 1946, an increase of 603. He stated that during t« 
month of February, 169 new members had been added. 

Some discussion took place on means of obtaining the atter 
ance of more operating men at Chapter meetings, with son 
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BOARD MEETINGS 


dication that a new type of Regional Conference might be a1 

ed. « a national level, in certain foundry areas 

Financial Re p mrt 

he Treasurer submitted a Financial Report for the eight 
onths Julv 1, 1946 to February 28, 1917, showing a total income 
S258 473.05 compared with the budget of $349,000.000 for the 
re 1946-47 fiscal veat [he statement also showed total ex 
enses of $222,999.84. A breakdown of Expense distributed to the 

or activities of A.F.A. was presented 

Chapter Organization 

Ihe Secretary reported on the following new Chapter organiza 
ns and possibilities 

| Installation of Chapte No. 36, the Tri-State Chapter 
th headquarters at Tulsa, Okla., on February 28 

2 The probability of organization of a new chapter at Mar 
ill Mich 


He stated that after inquiries and correspondence during the 


including the Marshall-Kalamazoo-Lansing Area 


ist Vear, a meeting was held in Marshall in February with 35 


oundrymen in attendance. A Steering Committee was formed 
nd another meeting was held ou March 15 with 50 present and 

it the Steering Committee had been authorized to prepare a 
petition for formation of a Central Michigan Chapter. He stated 

it the five chapters surrounding the proposed Central Michigan 
Chapter—Western Michigan, Michiana, Detroit, Saginaw Valley, 
nd Toledo Chapters had been invited to send representatives 


an open meeting to be held in Marshall, March 24. 

}} The Secretary reported a definite movement under way 
the Vancouver, B.C. area for the formation of a Chapter, and 
similar movement in the Kansas City area 


1947 Convention Program 


[he Secretary and Technical Director gave progress reports on 


e 1947 Convention Program. The Technical Director reported 
about 53 papers had been approved by the Committees for 
resentation during the Convention and that all papers to be 
eprinted were in process 
Che Secretary reported that Mr. John H. Van Deventer, Director 
f Information of CED, had accepted an invitation to be the 
speaker at the Alumni Dinner 


Safety and Hygiene 


The Lechnical Director gave a comprehensive report on a 
cent meeting with Dr. Castberg and Mr. Berry of the U. § 
Public Health Service, and discussions with them on the degree 
f A.F.A. cooperation possible. He reported that the Health 
Service, planning a comprehensive survey of foundries as to heat, 
ust, lighting and ventilation conditions, had agreed to submit 
o A.F.A. progressive reports as developed. It was the consensus 
{ the Executive Committee that A.F.A. should continue working 
is closely as possible with the Health Service in this Survey. 


Committee on Retirement Plans 


President Wood stated that the Committee on Retirement Plans 
d submitted a report to him but that, due to lack of time, the 
eport had not been transcribed for submission to the Executive 
Committee. He stated that each member of the Executive Com- 
littee would receive a copy of this report prior to the June 


neeting, for study and consideration at that time. 


National Machine Tool Show 


fechnical Director Massari reported on a meeting of the 
National Machine Tool Builders Association in Cleveland, called 
tor the purpose of arranging the program of the National Machine 
lool Show to be held in Chicago, September 16-26, 1947. He 
ited that several technical societies such as A.F.A., ASME, etc., 
Chicago would cooperate in sponsoring a “Technical Day” 
iring the show and that the program for this day was in the 
ite of formation. 


AMERICAN FOUNDRYMAN 


The Secretary stated that advertising in the Pre- and Post- 
Convention issues of AMERICAN FOUNDRYMAN was coming in well, 


nd that these issues would be entirely creditable. Announcement 


\NA111 
was made that the magazine, effective with the February 1947 
issue, hencetorth would be printed by the Ann Arbor Press, Ann 


Arbor, Mich., until further notice 


Chapter Chatrma ( niecren 


The Secretary reported on correspondence egarding the 1947 


Conference, scheduled for July 7-8-9, indicating an intention to 
present less topics for discussion so as to cover all thoroughly 
With regard to extending invitations to the Conference to the 


Chairmen of Steering Committees of imminent chapters, it was 
the consensus of the Executive Committee that such invitations 


should be lett to the discretion of the Secretary 


By-Laws Committee 


Discussion arose on the non-uniformity of Chapter by-laws 
It was agreed by the Committee that there might be incorporated 
in the National By-Laws some policy regarding Chapter formation 
but that this recommendation should come from the By-Laws 
Committee to the Executive Committee, for recommendation to 
the Board of Directors 

Ihe need for some more definite over-all policy of the Board 
on organization of new Chapters was discussed at length. It was 
the consensus of the Executive Committee that some degree of 
uniformity was necessary among all Chapters and that an or 
ganization plan should be discussed with all Chapters. It was 
pointed out that this could best be done during a session at the 
1947 Chapter Chairman Conference and that at that time the 
Manual for Chapter Ofhcers should be distributed and discussed 


pointing out the irregularities which now exist 
Projected A.F.A. Publication 


The Secretary read a letter from Honorary Life Member Harold 
J. Roast of Montreal, announcing his retirement from Canadian 
Bronze C« 
for possible A.F.A. publication a book on “The Bronze Foundry 


and his intention to write, and offer first to A.F.A 


The Executive Committee requested the Secretary to thank M1 
Roast for his most courteous consideration and to cooperate in 
every way toward possible A.F.A. publication of his book, subject 
to review of its contents by the Association's Brass and Bronze 
Division 


tluminum and Magnesium Research 


The Technical Director reported that, in accordance with 
action of the Executive Committee at their January 22 meeting 
invitations to bid were sent to six educational institutions cover 
ing the Aluminum and Magnesium Division Research Project 
He stated that work on the project would be assigned on the basis 
of the bids received, both as to estimated cost and available 
facilities 


Cooperation with S.AF 


Che Technical Director reported completion of information 
on castings for the forthcoming $.A.E. Handbook, and its forward 
ing to the Society 


Cooperation with A.S.ME 


The Technical Director reported that, in accordance with the 
request of the A.S.M.E. Metals Engineering Section, a comprehen 
sive manuscript covering the foundry product as an engineering 
material had been completed and forwarded to the Society for 
inclusion in its forthcoming A.S.M.E. Handbook. 


National Committee Roster 


Completion of the National Committee Roster for the current 
year was reported by the Technical Director Copies forwarded 
to each Committee member. 

There being no further business, the meeting was declared 
adjourned 

Respectfully submitted, 
Wa. W. MALONEY, 
Secretary-Treasurer 
APPROVED 
S. V. Woon, President 
April 17, 1947 











FIFTY-FIRST ANNUAL MEETING 


Minutes 
Meeting 1946-47 Executive Committee 


Book-Cadillac Hotel, Detroit—April 29, 1947 


XXNIV 
Present President S. V. Wood, presiding 
Vice-President Max Kuniansks 
Directors: |. H. Smith 
Joseph Sully 
F. J. Walls 
Secretary- Lreasurer Wm. W. Maloney 
lechnical Director 8S. C. Massari 
\lso Present Vice President-elect W. B. Wallis 
\bsent Director L. C. Wilson 


Reading and Approval of Minutes 


Minutes of the Executive Committee held March 19, having 
previously been mailed to all members of the Executive Com 


mittee, following ipproval by the President, were approved viva 


Voce 
Convention Program 


The Secretary called attention to those items on the Program 
Annual Meeting advisable to be attended by the Oth 


of the 5Sist 
He also reported briefly on progress of the 


cers and Directors 
Convention technical meetings 


Vembe rship Report 


The Secretary reported that membership in the Association as 
of March 31 had reached the total of 9341, representing a net 
gain of 802 members since June 30, 1946. Thus, another new all 
time high in membership was recorded. 

The Secretary also pointed out that collections of membership 
dues as of March 31 totaled $167,215.87 against the total budget 
of $165,000.00 for the current fiscal year. A detailed report of 
membership for Chapters showed 90 per cent of the entire mem- 
bership in Chapter areas, plus 474 in non-¢ hapter areas, plus 


110 foreign memberships 


Financial Report 
Ihe Secretary- Treasurer reported on A.F.A. finances for the 
period ended March 31, 1947, showing a total income of $283, 
013.72, against a total budget of $349,000.00 income for the fiscal 
year; total expenses of $250,502.53. The Financial Report also 


contained a breakdown of all expenses, ditsributed to major 


Activities 
EXPENSI 
Actual, 
Budget Distributed 
7 /1/46-6/30/47 7/1/46-3/31 /47 
S$ 88,911.00 $ 63,627.64 
19,998.00 35,821.86 
61,578.00 14,338.95 
lechnical Committees 15,574.00 $2,565.33 
AMERICAN FOUNDRYMAN 89,259.00 64,128.65 
Annual Meetings 13,680.00 10,020.10 


General Administrative 
Chapter Activities 
Publications 


$250,502.55 


$349,000.00 


Public Health Service Survey 

Ihe Secretary reported on cooperation between A.F.A. and the 
U.S. Public Health Service in connection with the latter's pro 
jected survey of health and sanitation conditions in the foundr 
industry. He stated that, in a conference between representatives 
of the Health Service and Technical Director Massari, A.F.A. had 
been assured that the Health Service would discuss with the Asso 
ciation the progress made in its preliminary surveys prior to the 
making of concentrated surveys in various foundry areas. Th« 
opinion was expressed that in this manner A.F.A. might repre 
sent the industry in obtaining a fair and impartial analysis of 
foundry plant conditions 

Foundry Safety Film 


\ letter from the National Safety Council, proposing A.F.A 
participation in the cost of producing a foundry safety film, was 
presented by the Secretary, indicating a total cost of approxi 
mately $5,000.00 for a 15-minute film. The Executive Committee 
requested that additional details and information be obtained 
with reference to the specific subject and field to be covered by 
such film, and suggested that the expenses of any film produced 
might well be spread more generally than bevond the National 
Safety Council and A.F.A. alone 

Cooperation with Armed Forces 


\t the request of the President, Vice-President-elect Wallis ré 
ported on recent meetings in Washington pertaining to coopera 
tion of the foundry industry with the Armed Forces and stated 
that such cooperation, previously under the jurisdiction of the 
Army Industrial College had been transferred to the Army and 
Navy Munitions Board. Following discussion, it was agreed that 
Technical Director Massari would contact the proper parties in 
Washington for the purpose of a personal visit in order to cement 
future cooperative relations between A.F.A. and the Armed Forces 
for report back to the Board of Directors at the Annual Board 
Meeting in July. 

Committee on Permeability 

The Secretary presented a letter from the American Geophysical 
Union, under the auspices of the National Research Council 
Washington, D.C., suggesting representation of A.F.A. on a Com 
mittee on Permeability for a study of the flow of fluids through 
porous solids, Following discussion, it was recommended that Dr. 
H. Ries of Cornell University and Chairman of the A.F.A. Sand 
Division, be asked to serve as the official A.F.A. representative on 
this committee, and the Secretary was instructed to communicate 
with Dr. Ries accordingly. 

There being no further business, the meeting was declared 
adjourned 

Respectfully submitted, 
Wa. W. MALONey, 
Secretary-Treasure? 
APPROVED: 
S. V. Woon, President 
May 26, 1947 





Minutes 
Meeting 1946-47 Board of Directors 


Book-Cadillac Hotel, Detroit—April 29, 1947 


Total 
Present President S. V. Wood, presiding 
Vice-President Max Kuniansky 
Directors: F. ]. Dost B. L. Simpson 


G. K. Dreher 

Kk. W. Horlebein 
H. H. Judson 

J. E. Kolb 

S. D. Russell 


]. H. Smith 
Joseph Sully 

F. J. Walls 

S. C. Wasson 

F. M. Wittlinger 


Secretary- Lreasurer Wm. W. Maloney 


Also Present: 
Vice-President-elect W. B. Wallis 


Absent: 
Directors: H. A. Deane, H. G. Lamker, R. T. Ry 


croft, L. C. Wilson 


Reading and Approval of Minutes 


Minutes of the following meetings of the Board of Director 
and Executive Committee, having been mailed to all Directo 





hee 


es 


i a 














BoaRD MEETINGS 


e Secretaiy vas instructed to obtain written ipproval ot the 
Directors following their individual perusal 
Meeting of Executive Committee, January 22, 1947 


) 


Meeting of Board of Directors January 25, 1947 

Meeting of Executive Committee, March 19, 1947 

Reading of minutes of the Executive Committee Meeting he 

Detroit the morning of April 29, 1947, was deterred for lett 
ipproval 


Membership Ref 


e Secretary presented the Membership Report covering the 
st 9 months of the current fiscal vear to March 31, 1947, show 
» total membership ot 9341 against a total of 8539 on June 
1946, representing a net gain ot 802 members. Membersh p 
February 28, 1947, totaled 9141; resignations during the month 
March, 23: new members added during March, 222 Tota 
; ership in all Chapters, 8457, or 90! non-Chapter, 474 
110 


Financial Ref 
e Secretary- Treasurer presented a Financial Report for the 
st 9 months of the current fiscal vear to March 31, 1947, show 


otal income of $283,943.72, total expenses of $250,502.53 





. st the budget of $349,000.00 income tor the current fiscal 
The Financial Report also was presented with the over 
ead distributed to major activities as follows 
1 
| INCOME 
J Budget Actual 
r 7/1/46-6/30/47 7 1,46-3/31/47 
Membership Dues $165,000.00 $167 215.87 
Publication: General 7500.00 1,294.68 
Special 10,000.00 23.513.42 
; \dvertising AMERICAN 
os - FOUNDRY MAN 100,000.00 54.031.25 
on R \.F.A. Emblems 500.00 88.50 
7” ; Convention Registration Fee 1,200.00 
i ; surplus (1945-46 Income) 34,800.00 $4,800.00 
\é rN 
\ 
= lotal $349,000.00 $283 .943.72 
oe | EXPENSE 
ae 5 Actual, 
3 Budget Distributed 
3 7 /1/46-6/30/47 7/1/46-3/31/47 
) 4 General Administrative S 88,911.00 S$ 63,627.64 
— 7 Chapter Activities 19.998 .00 $5 891.86 
cl J Publications 61.578.00 14 338.95 
- 3 Lechnical Committees $5,574.00 $2 565.338 
gh a \MERICAN FOUNDRYMAN 89,259.00 64,128.65 
re 4 Annual Meetings 13,680.00 10,020.10 
= . Total $349,000.00 $250,502.53 
cate 
é AMERICAN FOUNDRYMAN 
ired a [he Secretary reported that advertising revenue in AMERICAN 


x FOUNDRYMAN for the 9-month period ended with the April Pre 
Convention issue involved gross billing of $68,370.00 and a net 
evenue of $59,559.20. He stated that the gross billing for the 
\pril Pre-Convention issue was $14,775.00, net billing $12,984.75 
Plans for continuously improving the editorial content were dis 
issed briefly by the Directors 
British Columbia Chapter. The Secretary presented a pe 
tion tor a new A.F.A. Chapter to be known as the British 
Columbia Chapter, with headquarters at Vancouver, B.C., said 
cuition being signed by 80 individuals representing 40 companies 
\cting on the recommendation of the Secretary, a motion was 
e by Vice-President Kuniansky, seconded by Director Wasson 
unanimously carried 


HAT the petition for a British Columbia Chapter be ac 
i 


epted to be designated the 37th Chapter of A.F.A. 


ral Michigan Chapter. The Secretary presented a_ px 
n tor tormation of a Central Michigan Chapter in_ the 
r. Ry a roximate area of Marshall-Kalamazoo-Battle Creek- Jackson 
sing, with headquarters at Marshall, Mich., this petition be 


signed by 66 individuals representing 24 companies in 12 


PR 2: 


irate cities. Acting on the recommendation of the Secretary, 


recto ouon was made by Vice-President Kuniansky, seconded by 
tol ector Walls, and unanimously carried 
Pec 


NAN 
tHAT the petition tor a Central Michigan Chapter of A.F.A 
« rccepted to be designated as the 38th Cl ipter of AFA 
( ipl i 
I he Secretary reported brnetly ow Cl pte possibi tics Tite 
ictivilies especially on activities 1 i us non-Cl ipter ireas 
ndicating severa possibilities for Chapter extension in the future 
He reiterated that the previously expressed policy of the Board 
was being followed, namely, that the formation of Chapters should 
fOnlo the spontaneous desire of toundrymen tor suct ctivilles 
Con é R Plans 

President Wood stated that the Committee on Retirement 
Plans, headed by Director Simpson as Chairman, had submitted 
oO separate retirement plans to the Executive Committee im 
mediately prior to the March 19 Executive Committee Meeting 
ut that insuthcient time had passed for that Committee to con 
sider them He stated that the plans would be thoroughly con 


sidered at the next meeting of the Executive Committee on June 
iftter which they would be submitted to the Board ot Directors 


for further action at the Annual Board Meeting in July 1947 
Public Health Se Su 
The Board of Directors was brought up to-date on a projected 


survey of health and sanitation conditions in the foundry by the 


U.S. Public Health Service and discussed at the January Board 


Meeting. The Secretary announced that following discussions be 
tween Technical Director Massari and Health Service officials, it 
was agreed that A.F.A would cooperate in a general way with the 


Service and that the Service would discuss with A.F.A. its findings 


ot preliminary analysis at certain selected key plants 


Recommendations of Executive Committee 


San Research Project Ihe Secretary announced that the 
contract between A.F.A. and Cornell University, covering the 
Foundry Sand Research Project, would expire on June 30, 1947 
necessitating the approval of the expenditures beyond that period 
He stated that the contract for the 1947-48 fiscal vear was recom 
mended at $7,500.00, an increase of $500.00 over 1946-47, including 
salary of the investigator, the estimated cost of moving present 
library facilities to a better and more efficient location, and the 
use of a consultant on ceramic problems 

The Secretary stated that the previous investigator, D. C. Wil 
liams, was leaving Cornell and would be replaced with a new 
investigator, John P. Fraser Accordingly, acting on recom 
mendation of the Executive Committee, a motion was made by 
Director Walls, seconded by Vice-President Kuniansky, and unani 
mously carried, approving the expenditure of $7500.00 for A.F.A 
Foundry Sand Research at Cornell University, during the fiscal 
vear 1947-48 

Student Chapter Policy Ihe Secretary presented a sug 
gested Student Chapter Policy, essentially as follows 

1) That Student Chapters be encouraged and approved on 
the basis of a written petition signed by no less than 15 students 
and, as in the case of a Chapter petition, subject to approval 
by the A.F.A. Board of Directors 

2) That each Student (¢ hapter have a Chairman, Vice-Chair 
man, Secretary and Treasurer, all students, no Board of Directors 
being necessary 

(3) That the Officers of each Student ( hapter also include a 
Faculty Advisor and an Industrial Advisor. If the Student ( hap 
ter is located in a regular Chapter area, then the Industrial Advisor 
may be either the A.F.A. Chapter Chairman or the Chairman of 
the Educational Committee 

1) That the entire amount of student member dues, $4.00 
per year, be refunded for financing of the Student Chapter 
These funds shall be heid under control of the school and ex 
penditures approved in every case by the Faculty Advisor, or as 
may be required under the faculty rules for each school or college 

(5) The Industrial Advisor to work with the Program Chair 
man in obtaining speakers for the student group. Members of 
the Student Chapter might well be invited to each regular chapter 
meeting 

6) Closer tie-up between the regular chapter and Student 
Chapter should result in members of the regular chapter speaking 
before the student groups at regular intervals. Another possibility 
is that of student visitations to the plants of chapter member com 
panies, especially during vacation periods 
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After brief discussion, in which it was pointed out that student 
chapters should be formed at the five schools at which the Joint 
Ferrous Educational Committee is setting up scholarships— (Case 
School of Applied Science, Cleveland; University of Cincinnati 
Cincimnati; Cornell University, Ithaca, N.Y.: Massachusetts Insti 
tute of Technology, Cambridge, Mass.; and the University of 
Wisconsin, Madison, Wis.) as well as other colleges, motion was 
made, seconded and unanimously carried, accepting the recom 


mendation of the Executive Committee 


THAT the proposed Student Chapter policy be adopted and 
sponsored by A.B.A. 


Election of Officers and Directors 


[he Secretary announced that, in accordance with the proce 


FiIrry-FIRST ANNUAL MEETING 


dure prescribed in the By-Laws of the Association, no nominations 
other than those of the 1947 Nominating Committee had been 
received by the Secretary within a period of 45 days prior to the 
Annual Business Meeting, and that the nominees selected by the 
Nominating Committee therefore, would be declared unanimously 
elected at the Annual Business Meeting of the Association on 
April 30 
There being no further business to come before the Board, the 
meeting was adjourned. 
Respectfully submitted, 
Wa. W. MALONEY, 
Secretary-Treasurer 
APPROVED 
S. V. Woon, President 
May 26, 1947 





Minutes 
Meeting 1946-47 Executive Committee 


Hot Springs, Virginia—June 4, 1947 


Present President S. V. Wood, presiding 
Vice President Max Kuniansky 
Director J. H. Smith 
Secretary - Treasurer Wm. W. Maloney 
Lechnical Director 8S. C. Massari 
\lso Present: Vice-President-elect W. B. Wallis 
Absent: Directors Joseph Sully, F. J. Walls, L. C. Wilson 


Reading and Approval of Minutes 

Minutes of the Executive Committee and Board of Directors 
meetings held at Detroit, April 29, 1947, mailed previously to all 
members of the Committee, were declared approved by vote of 
the Committee Members present. 

Membership Report 

The Secretary reported Total Membership on April 30, 1947 
at 9447, compared with 8539 on June 30, 1946—a net gain of 908, 
with 90.9% of the total represented by members of 35 active 
chapters. (British Columbia and Central Michigan Chapters not 
included) . 

The Secretary also reported total Dues Revenue on April 30, 
1947, as $173,112.87, as against the budget of $165,000.00 for the 
entire fiscal vear. 

Financial Report 

The Treasurer presented a report on Income and Expense as 
of May 21, 1947, showing: (a) Total Income $329,853.23; (b) 
Total Expenses $310,038.27; (c) Budget for fiscal year ending 
June 30, $349,000.00. Major Income and Expense items as of 
May 27 were included, with all Expenses broken down into majo 
activities 

AMERICAN FOUNDRYMAN 

The Secretary reported on progress of AMERICAN FOUNDRYMAN, 
stating that efforts were being made to add still further to the 
prestige and importance of the magazine and that it was intended 
to obtain a full-time Advertising Manager during the coming 
year. He pointed out the relationship between editorial and 
advertising activities, and declared that it would be the policy 
of the Staff to continue adding to the interest and scope of the 
editorial content. 

lwards Policy. Vice-President Kuniansky requested clarifica- 
tion of A.F.A, policy on approval of any award, within the Asso- 
ciation family, by organizations other than A.F.A. It was the 
consensus of the Executive Committee that any award made offi- 
cially in the name of A.F.A., or semi-officially with A.F.A. Sponsor- 
ship, must be approved by the Board of Awards. 

1948 Convention City 

The Secretary pointed out that the Board of Directors in session 
on January 23, 1947, had approved Philadelphia as the 1948 
Convention city. He stated that announcement of this action 
had been deferred pending written confirmation of adequate 
hotel accommodations, and such confirmation now being at hand, 
that the announcement of the 1948 Convention City would first 
be announced at the 1947 Chapter Chairman Conference, fol- 


lowed by its publication in the July issue of AMERICAN FOUNDRY 


MAN. 
1949 Convention City 


President Wood stated that the West Coast Chapters had in 
vited A.F.A. to hold a Convention and Exhibit in San Francisco 
or Los Angeles in 1949, although the policy of the Association has 
been to stage exhibits only in even-numbered years. He declared 
that some 10 per cent of the Association's membership is repre 
sented by the five West Coast Chapters, that no Convention of 
\.F.A. has ever been staged on the Pacific Coast, and that the 
West Coast Chapters have expressed strongly their desire for an 
exhibit convention rather than a non-exhibit convention. 

President Wood expressed the belief, concurred in by the 
Executive Committee, that the exhibits of A.F.A. in even-num 
bered years should continue to be held in the great foundry centers 
East of the Mississippi, for reasons of both attendance and revenue, 
and that any exhibit on the West Coast probably should be con 
sidered for an odd-numbered year. On the other hand, it was 
brought out strongly that, in view of the stated A.F.A. policy 
regarding staging exhibits in alternate years only, no decision 
on a West Coast exhibit in 1949 should be reached without prio: 
discussion with the Foundry Equipment Manufacturers Associa 
tion. Accordingly, without vote, President Wood was empowered 
to arrange such a meeting at the earliest possible date. 


Retirement Plan 


Recommendations of the Special Committee on Retirement 
Plans, as appointed by President Wood, having been forwarded 
to members of the Executive Committee in advance of the meet 
ing, considerable discussion followed. The opinion was expressed 
that the two plans submitted called for too great an annual ex 
penditure by the Association from current operating revenues 
It was felt that further study should be made by an impartial! 
and experienced agency before definite action could be taken and 
a plan recommended for Board consideration. Accordingly, Vice 
President Kuniansky moved 


THAT the Special Committee on Retirement Plans be 
thanked for its studies and discharged; and THAT the Secretary 
be empowered to retain the firm of Marsh & McLennan, for 
the sum of $500.00, to survey the situation and submit a 
definite plan to a meeting of the Executive Committee at 
the time of the Annual Board Meeting in July. 

Motion seconded by Director Smith and unanimously carric 


There being no further business, the meeting was declared 
adjourned. 
Respectfully submitted, 
Wma. W. MALONEY, 
Secretary-Treasurer 
APPROVED: 
S. V. Woon, President 
June 20, 1947 
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Minutes 
Meeting 1946-47 Executive Committee 


Palmer House, Chicago—july 28, 1947 


President S. V. Wood, presiding 
Vice-President Max Kuniansky 

J. H. Smith 

Joseph Sully 

F. J. Walls 

L. C. Wilson 
Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 

Vice President-elect W. B. Wallis 


Present 


Directors 


\lso Present 
Reading and Approval of Minutes 


Minutes for the Executive Committee Meeting, held at Hot 

Springs, Va., June 4, 1947, were read and approved. 
Staff Retirement Plan 

In accordance with action of the Executive Committee on June 

1947, requesting more specific recommendations on a proposed 
Staff Retirement Plan, Mr. B. Russell Thomas of Marsh & Mc 
Lennan, Insurance Actuaries, Chicago, entered the meeting and 
offered specific proposals. Numerous questions were asked by 
members of the Executive Committee on the proposed plan, es 
pecially pertaining to the per cent of retirement benefits to total 
employee contributions, extent of employee versus A.F.A. con 
ributions, continuances of death benefits, conditions surrounding 
he withdrawal of benefits and the vesting of protection, and type 
of insurance considered feasible under present and anticipated 
Staff conditions. 

Detailed questions on the proposed plan brought out a desire 
for new estimates of costs and benefits based on increased employee 
ontributions. Accordingly, Mr. Thomas agreed to revise the 
figures of his proposal for consideration of the revised plan by 
the 1947-48 Board of Directors on July 30. 

1948 Convention Contracts 

The Secretary presented, for approval by the Executive Com 
mittee, a ballot authorizing the Secretary to execute all contracts 
necessary to the staging of the 1948 Convention and Exhibit in 
Philadelphia. Approved, and signed by President Wood for the 
sjoard of Directors. 

Cupola Handbook Sales 


Ihe Secretary requested discussion on whether revenue from 
the sale of the Cupola Handbook, a publication of the A.F.A. 


Cupola Research Project should be allocated (a) 100 per cent of 
selling price to the Cupola Project, or (b) cost price to the 
Cupola Project, or «« 100 per cent of selling price to the Project 
until project funds have been completely reimbursed for ex 
penditures, with all revenue thereafter to A.F.A. general funds 

A letter dated July 24, 1947 from R. G 


of the Cupola Research Project pertaining to this subject, was 


McElwee, as Chairman 


read as follows 


“The committee feels that because of being reimbursed for 
actual expenditures from the fund toward the preparation 
of the book and because of our knowledge that the general 
fund was used to an undetermined extent, that we are justi 
fied in instructing you to keep for the general fund any 
moneys from the sale of the book in excess of the amount 
necessary to replace withdrawals from the Cupola Funds 

“We feel however that a future policy should be detet 
mined by the Committee and the Board of A.F.A. to govern 


reissues of the book.” 


The Executive Committee, without vote expressed agreement 
with Mr. MckElwee's outlined proposal and authorized the See 
retary to work out necessary agreement on procedures with the 
Cupola Research Project 


Technical Correlations Committee Functions 


The Secretary requested clarification of the functions of the 
Technical Correlations Committee, as a self perpetuating Com 
mittee of the Board of Directors, particularly as to whether 
actions of the T.C.C. shall be subject to Board approval, Techni 
cal Director Massari, called into the meeting, was instructed to 
prepare a digest of T.C.C. functions as now understood, for ac 
ceptance by the Board of Directors, 

Nore: Other actions of this meeting incorporated as Executive 
Committee recommendations in minutes of Board of Directors 
Meeting, July 29. 

Phere being no further business, meeting was adjourned 

Respectfully submitted, 
Wa. W. MALoney, 
Secretary-Treasurer 
APPROVED: 
S. V. Woon, President 
August 15, 1947 





Minutes 
Annual Meeting 1946-47 Board of Directors 


Palmer House, Chicago—July 29, 1947 


Present: President S. V. Wood, presiding 
Vice-President Max Kuniansky 


Directors: H. A. Deane B. L. Simpson 


F. J. Dost J. H. Smith 

G. K. Dreher Joseph Sully 

E. W. Hoslebein F. J. Walls 

H. H. Judson S. C. Wasson 

S. D. Russell L. C. Wilson 

R. T. Rycroft F. M. Wittlinger 


Secretary-Treasurer Wm. W. Maloney 
Technical Director $. C. Massari 
Directors-elect present as observers: E. H. Delahunt, W. J. Mac 
Neill, R. H. McCarroll, John 
M. Robb, Jr., A. C. Ziebell. 
‘osent: Directors: J. E. Kolb, H. G. Lamker. 


Reading and Approval of Minutes 


Minutes of the Executive Committee Meeting and Board of 
Directors Meeting, both held during the Detroit Convention on 


April 29, 1947, were mailed to all members of the Board of Direc 
tors previously. Motion of approval by Director Horlebein, 
seconded by Director Walls, and carried 

Minutes of the Executive Committee Meeting held at Hot 
Springs, Va., June 4, 1947 were read. On motion by Director 
Horlebein seconded by Director Walls, approved, 

Minutes of the Executive Committee Meeting held at Chicago 
on July 28, 1947 were briefed by the Secretary. On motion by 
Director Smith, seconded by Directo> Dost, approved 


Report of the Secre tary 


rhe Secretary's report was presente:| and filed for further study 
by the Board, following comments by the Secretary on certain 
sections. Report accepted (see page xvi) . 

Membership. The Secretary's report on membership showed 
total membership on June 30, 1947 of 9683 against 8539 the 
previous June 30, a net gain of 1144 members, or 13.4 per cent 
rhe report also showed total dues revenue for the fiscal year of 
$182,042.04, against the annual budget of $165,000.00. 








XXXVIII 
Report of Technical Director 


The report of the Technical Director, covering the past fiscal 
year, emphasized accomplishments made in reorganization of the 
technical committees, the establishment of a definite plan for 
\.F.A.-sponsored research, the stepping-up of educational activi 
ties, and better planning for special opportunities. Report ac 


cepted (see page xviii) . 


Report of the Treasurer 


Ihe ‘Treasurer presented the official audited report of the 
\ssociation’s books for the fiscal year ended June 30, 1947, as 
prepared by Lybrand, Ross Bros. & Montgomery. Attention was 
directed also to a Consolidated Fund Statement showing net worth 
of the Association on June 30, 1917 to be $266,338.82, as against 
$341,188.90 on June 30, 1946. (See Statement, p. xix) . 

Ihe Auditor's statement of Income and Expense showed in 
come of $302,614.55 (excluding Deferred Dues Income $23,636.63; 
Accounts Receivable $9,884.14), against budgeted income of 
$349,000.00; actual expense $361,648.71. 

Ihe statement showed that all funds (Technical Development, 
Cupola, General Reserve, and Awards) had increased slightly in 
value during the past year, the reduction in the net worth of the 
\ssociation being represented by a reduced cash position, a not 
unusual condition for the close of a non-exhibit year. It was 
pointed out that, whereas the Association has found it necessary 
to borrow from the banks at the close of several previous non- 
exhibit years, there appeared to be no necessity for doing so this 
Vcar. 

The Treasurer pointed out the time difficulty in analyzing 
completely for the Board of Directors the annual audited state- 
ment of Association finances as of June 30, prior to the annual 
Board Meeting, which the By-Laws prescribe must be held 
“within 30 days after the close of the fiscal year.”” It was felt, 
nevertheless, that the retiring Board of Directors were entitled 
to a complete analysis of the Association’s finances as incurred 
under their stewardship. Accordingly, a motion was made by 
Director Smith 


THAT an Auditing Committee of three members of the 
Board of Directors be appointed by the retiring President to 
analyze the Association's finances and to report their findings 
and recommendations to the old Board covering their steward- 
ship of the Association for the fiscal year ended June 30, 1947. 
Motion seconded by Director Horlebein and carried, retiring 

President Wood to appoint such an Auditing Committee. 


Reports of Board Committes 


President Wood called for brief verbal reports from several 
committees of the Board of Directors as follows: 

Vice President Kuniansky, reporting as Chairman of the Na- 
tional Membership Committee and the Chapter Contacts Com- 
mittee stressed the thought that the National Office should give 
greater attention to assisting Chapters in their technical programs, 
as the single interest factor in attracting and holding members. 
He stated that the Association's membership work in the future 
should be directed more on quality than on quantity lines. 

Secretary Maloney reported as Chairman of the Jnternational 
Relations Committee, stating that the International Committee 
of Foundry Technical Associations had been recognized and was 
expected to be functioning fully in the relatively near future; 
that A.F.A. was actively cooperating as a member of this Com- 
mittee; that Vincent Delport of England was continuing as Euro- 
pean representative of the A.F.A, committee, and that exchange 
paper relations were continuing with the Institute of British 
Foundrymen and had been reinstated with the French Foundry 
lechnical Association and the Institute of Australian Foundry- 
men. 

F. J. Walls reported, as Chairman of the Technical Correlations 
Committee, particularly on the June 20 meeting of this commit- 
tee, the first held in many years. He expressed the hope that this 
important policy-making Committee would be continued as a 
correlating group for all A.F.A. technical activities 

President Wood stated that the By-Laws Committee had not 
met during the previous year, but was scheduled for a meeting 
later in 1947; that the Annual Lecture Committee had completed 
plans for both the Charles Edgar Hoyt lecturer and a lecture 


course at the 1948 Convention. 


FIFTY-FIRST ANNUAL MEETING 


1949 Convention City 


Extensive discussions took place on an invitation from the West 
Coast for a Convention and Exhibit there in 1949. The Executive 
Committee Minutes of June 4 and July 28 were read, the latter 
recommending that A.F.A. reaffirm its intention of staging ex- 
hibits not more frequently than every two years. 

President Wood commented on a meeting held June 22 between 
the A.F.A. and F.E.M.A. Executive Committees, which conversa- 
tions resulted in the July 28 Executive Committee recommenda 
tion. He then called upon each member of the Executive Com- 
mittee to comment further on the results of the June 22 meeting 
mentioned above, the consensus being that the meeting resulted 
in much better understanding between the two groups, that 
F.E.M.A, recognized a dual responsibility with A.F.A. for staging 
successful exhibits, and that all agreed that an Annual Meeting 
of A.F.A. should be held on the West Coast in the near future. 

Following some further discussion, Director Simpson moved 
for acceptance of the Executive Committee recommendation of 


July 28, as follows: 


THAT appropriate resolutions of the A.F.A. Board be pre- 
pared, reaffirming as a Board policy the intention of A.F.A. to 
stage exhibits of the foundry equipment and supplies, in con- 
junction with Conventions of the Association, not more fre- 
quently than every two years; that the F.E.M.A. and F.S.M.A. 


be notified accordingly. 


Motion seconded by Director Dreher and carried, as a recom 
mendation to the 1947-48 Board of Directors. 

It was brought out that, as a result of the June 22 meeting 
with F.E.M.A., there was evidence to indicate that F.E.M.A. ex 
hibitors would fully support any A.F.A.-sponsored exhibit in the 
intent and purpose of the resolution above, as adopted by the 
Board. It was suggested that the matter be fully developed at 
the time of the F.E.M.A. Annual Meeting on September 18-20, 
1947. 

Director Russell spoke as a member of the Northern Cali 
fornia Chapter, stating that the Southern California Chapter had 
given evidence of their desire to have any 1949 Convention and 
Exhibit of A.F.A. held in Los Angeles; and that the Northern 
Chapter, in spite of its prior invitation to A.F.A. for such an 
event, therefore was withdrawing in favor of the Southern Cali 
fornia Chapter. Speaking as a Director, he then requested specific 
action on the Southern California invitation for 1949, presented in 
letter form. Discussion followed, concluding with a motion by 
Director Horlebein 


THAT the Secretary prepare a letter, for the approval of the 
President, expressing to the officers of the Southern California 
Chapter the consensus of the Board of Directors on the stag- 
ing of exhibits not more frequently than every two years as 
a real and implied obligation of the Association to its ex- 
hibitors, and that for these reasons the Board of Directors 
could not accept the Southern California Chapter’s invitation 
for a Convention and Exhibit on the West Coast in 1949. 
Motion seconded by Director Simpson and carried. 

Convention Registration Fees 
Action of the Executive Committee taken on June 4 was pre 
sented, recommending that registration fees at non-exhibit Annual 
Meetings of A.F.A. be as follows: Members $2.00 each, non- 
members $5.00 each. Following discussion on the timing of this 
recommendation, motion was made by Director Simpson 


THAT action on the question of registration fees for non 
exhibit Conventions be deferred for consideration at a time 
when plans are being formulated for the next non-exhibit 
convention. 


Motion seconded by Director Russell and carried. 


Exhibit Space Rentals 


\s a recommendation of the Executive Committee, space ren(al 
charges for the 1948 Exhibit were discussed. Similar charges 
made by other societies were brought out, fees ranging from $1.50 
per square foot to $3.00 per square foot, and it was pointed out 
that all costs of staging such an event have materially increased 
during the past eighteen months. It was recalled that $1.50 had 
been charged exhibitors at the Buffalo exhibit in 1944, and ‘he 
Cleveland exhibit in 1946. The consensus was that net exhidit 
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ue for the Association under present conditions of rising 
sts, made practicabie some reasonable increase in exhibit space 
1948 A.F.A. Exhibit in Philadelphia 


duly seconded and carried 


s for the Accordingly 


was made swccepting Execu 


Committee recommendation 


CHAT the price of exhibit space for the 1948 show in Phila 


phia be established at $2.50 per square foot 


Retirement Compensations 
\ction of the Executive Committee on July 28 recommending 


Hoyt and 
FE. Kennedy, retired, to June 30, 1948 on the existing basis, was 


extension of retirement compensations for ¢ I 


sented for the purpose of maintaining continuity of thought 
een successive Boards. Discussion took place on the question 
commendations to the new Board, and members of the two 
ious Executive Committees recalled the background for ac 
s taken initially by the Board of Directors on July 19, 1945 
President Kuniansky read from the resolutions adopted on 
19, 1945, the following paragraph 


(ND BE IT FURTHER RESOLVED that this Board of Directors 
inimously and strongly urges that the conclusions as set 
th in these resolutions shall be irrevocable, and binding 
von all future Boards of Directors of the American Foundry 


en's Association 


Several Directors discussed the desirability for giving the retired 
vers of the Stall greater assurance as to continuity of future 


| actions, after which motion was made by Directo: Simpson 


Hoyt 


Kennedy covering a period of 7 years commencing 


‘ LIHAT the Association enter into a contract with C. |} 
dR. I 
4 July 1, 1947, guaranteeing C. E. Hoyt and R. E. Kennedy 
x cfinite rates of compensation for the full period of the con 
3 ict, with the exception that after July 1, 1948, successive 
4 Boards of Directors of the Association shall have the right 
i o reduce such compensations, if economic circumstances 
sy arrant, by not more than 50 per cent of the above stated 
3 mounts, such compensations to be terminated in the event 

> 


of the death of the recipients. 


4 Motion seconded by Director Russell and carried, as a recom 
; endation to the new Board. 

Motion then was made by Director Rycroft that the Board of 
Directors reaffirm the resolutions adopted by the 1945-46 Board 





oe of Directors on July 19, 
Viinutes 


1945, above, as a part of these Board 
Motion seconded by Director Simpson and carried. 


Membership on International Foundry Committee 


\ction of the Executive Committee on June 4 was presented, 





ecommending that A.F.A. approve the application of a newly 


Italian Foundry Technical Associations. It was 


ought out that, following recommendation of Vincent Delport 


corganized 
ot England as the European representative of the A.F.A, Inter 
itional Committee, A.F.A. had already transmitted such approval 
Mi Delport 
lhe action of the Executive Committee was approved by 





inimous vote of the Board. 





Technical Correlations Committee 





Director Walls, as Chairman of the Technical Correlations 
Committee, presented a recommendation of that Committee call 
ag 5 for the preparation by the Association of several textbooks 


he college, trade school, vocational school and high school 


a 


s. He brought out the urgent necessity for better texts being 


‘e 


le available to educational institutions throughout the country 


€ instruction on foundry fundamentals and practice. Direc- 
Dreher, as the Executive Director of the Foundry Educational 
ndation further emphasized the importance of this project, 
atter discussion, Director Walls moved 


THAT the Board of Directors approve the recommendation 
the Technical Correlations Committee for preparation of 
propriate textbooks at several educational levels, subject 
, ' later approval by the Board of specific projects as sub 
1 tted by the Educational Division of A.F.A. 


p Motion seconded by Director Horlebein and carried, as a recom 
— = . . 
dation to the 1947-48 Board of Directors. 


ANNAN 


Centrifugal Castings Rese 


lechnical Director Massa) request trom the Cen 


ral Castings Committee of the Aluminum & Magnesium 


pres nics 


Division for an expenditure of $1,000.00 during 1947-48 for a 


study on the feasibility of centrifugal castit ot light alloys, suct 


vork to be carried on at the Canadian Bureau of Mines, Ottawa 
Canada, the ippropriation requested to cover the cost of materials 
patterns, and incidental expense. It was stated that the cost of 
this research had been included in the 1947-48 A.F.A. budget 
seconded by Director Walls and 


$1,000.00 tor an 


On motion by Director Smith 


carried, the expenditure ot investigation of 


Centrifugal Casting of light alloys during 1947-48 was approved 


j 


and recommended to the new Board tor confirmation 


Brass and Bronze Resear 


Pechnical Director Massari presented a request of the Brass & 
Bronze Research Division of A.F.A, for an expenditure of not to 
exceed $5,000.00 for a study of the fracture test as an indication 
of the quality of tin bronze. It was stated that the cost of this 
project had been included in the 1947-48 A.F.A. budget 
Wasson 


linger, a maximum expenditure of $5,000.00 for 


Director Witt 
\.F.A.-sponsored 


Division during 1947 


On motion by Director seconded by 
research on behalf of the Brass and Bronz 
18 was approved, and recommended to the new Board for con 


firmation 


Malleable lron Research 


Lechnical Director Massari presented a request of the Malleabl 
Iron Division of A.F.A 
1947-48 for a fundamental study on the 


for an expenditure of $5,000.00 during 
suitable microstructure 
for pearlitic malleable iron castings preparatory to selective hard 
was stated that the cost of such research had been 
1947-48 A.F.A 

On motion by Director Horlebein 
Kuniansky, 


lron research in 1947-48 was approved and recommended to the 


ening. It 
included in the budget 
seconded by Vice-President 


a maximum expenditure of $5,000.00 tor Malleabl 


new Board for confirmation 


{luminum and Magne stum Research 


Fechnical Director Massari reported that the contract for carry 
ing on the previously approved research project of the Aluminum 
1947-48 had 


Institute, Columbus 


* Magnesium Division for been negotiated with 


Battelle 
bids taken from several institutions 


Memorial Ohio, on the basis of 


Re signation of Director G. K. Dreher 


Director Dreher requested dhe privilege of addressing the Board 


+ 


on his new status as Executive Director of the Foundry Educa 
tional Foundation, Cleveland, stating that his acceptance of this 
position had placed him in the position of being both manage 
and managed in the same organization, since A.F.A. is a support 
ing member of the Foundation, and at the same time the members 


of A.F.A 


Foundation 


are in large part the contributors to the work of the 
He felt that the purpose of the Board of Directors 
would be better served from the standpoint of both territorial 
and industrial representation by the appointment of another 
Director in his place, and therefore tendered his resignation from 
the Board of Directors 

President Wood expressed for the Board his understanding of 
the motives involved and his appreciation for Director Dreher's 
thoughts on behalf of the Association coverage on the Board. At 
the same time he expressed the sincere regrets of the Board for 
which had about Director Dreher's 


those conditions brought 


decision. The President then pointed out that Board action was 
required on Director Dreher's resignation. Accordingly, on mo 
tion duly seconded and carried, the resignation was accepted by 


the Board 
{ppointment of Robt. Gregg as Director 


President Wood then pointed out the necessity for filling the 
XVI 
Sec. 2 of the By-Laws, reading “Should a vacancy occur in the 


vacancy thus left on the Board and called attention to Art 


the Board of Directors through death, resignation, or other 


cause, the Board of Directors may select a member of the Asso 


ciation to fill the vacancy until the next Annual election 
Ihe President called attention to the fact that the resignation of 











x] 


Dreher, formerly resident in Los Angeles, and the im 
retirement from the Board of Director Russell of San 


after a three-year term of office, indicated the desi 


Director 
minent 
Francisco 
ability of appointing to the Board a Director representing the 


West Coast ¢ hapters. 

Accordingly, Director Russell moved that Robert Gregg, Presi 
dent of Reliance Regulator Co., Los Angeles, be appointed to the 
Board of Directors to fill the vacancy left by the resignation of 
George K. Dreher. Motion seconded by Director Smith and unani 
mously carried. ‘The Secretary was instructed to notify Director 
Gregg of his appointment, for acceptance. 


Recommendations of the Retiring President 


President Wood presented for guidance of the incoming Board 
of Directors his recommendations on the conduct of Association 
activities, gained through impressions obtained during the pre- 
vious year, during which he had travelled some 70,000 miles in 


visiting 14 Chapters of the Association from Coast to Coast. (The 
President's recommendations are made a part of these minutes, 


but separately appended.) 


Firry-FIRST ANNUAL MEETINC 


Appreciation 
Director and Past-President Walls expressed on behalf of th 
retiring members of the Board of Directors his sincere apprecia 
tion of the opportunity to have served under President Woo 
ind on the Board, and to the incoming President Max Kuniansk 
congratulations and best wishes for a successful term of office 
Director Simpson then moved 
THAT the Board of Directors go officially on record to 
thank President Wood for his conscientious and successful 
term of office, and that they extend to Mrs. Wood the Board's 
felicitations on the great amount of time spent by the Presi 
dent away from his family during the previous year. 
Motion seconded by Director Russell, and unanimously carrie: 
There being no further business, the 1946-47 Board of Directo 
was declared adjourned. 
Respectfully submitted, 
Wa. W. MALONEY, 
Secretary-Treasurer 


APPROVED: 
S. V. Woon, President 
August 15, 1947 
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Charles Edgar Hoyt Annual Lecture 


THE CUPOLA FURNACE 


Dr. James T. Mackenzie 
Director and Chief Metallurgist 
American Cast Iron Pipe Co. 
Birmingham, Ala. 


ABSTRACT 


The author discusses the development of the cupola through 
years as a means for melting iron. He discusses the design 
res of the many types of cupolas which have been used in 
past with the reasons for the passing of some of them. 

The author also reminisces of the grand men of the foundry 

ustry who have contributed to the development of cupola 


ice practice. 


[HE WORD “CUPOLA” is the diminutive of the 
Latin word “cupa,” meaning cask. The reason for the 
use of this word is shown in Fig. 1 and 2. A cupola can 
be defined simply as a refractory-lined cavity with 
necessary Openings at the top for the escape of the gases 
and for the charging of the stock, at the bottom for 
entry of the air blast, and for drawing off the molten 
iron and slag. A bed of fuel is laid in the cupola and 
ignited, after which, alternate layers of metal and fuel 
are charged and the blast is turned on. If a few simple 
laws are obeyed, melting begins quickly and continues 
for a long time if so desired. 

\n extremely simple cupola (Fig. 3) was described 
recently. It was constructed by our armed forces in 
New Guinea from an oil drum and some other scrap 
welded together in the field. The cupola is by far the 
simplest and the most efficient melting furnace. It is 
used for almost all gray iron melting, for most of the 
rock wool production, as the primary melting unit for 
i great deal of the malleable iron manufactured, and 
as the sole melter of a considerable tonnage of pig, 
scrap, and spiegel for transfer to the open-hearth fur- 
naces, as well as some copper alloys. According to a 
recent survey, there were 5235 cupolas in the 3436 gray 
iron foundries of the United States and Canada. 


Reactions in Cupola 


When the blast is put on, a series of reactions occur. 
[he coke burns and the iron melts but so does the lin- 
ing. Some of the iron, manganese and silicon also burn 
and form, with the ash of the coke, a slag which is ex- 
tremely corrosive to the lining. The resulting material 
freezes readily when it strikes the cold blast at the 
tuyeres. Hence, during a long heat it is necessary to 
get the iron melted before the brick lining gives out 
and/or the tuyeres stop up; and if one of these things 
happens, the other is usually not far behind. 


Fortunately, the attack on the lining is slow and it is 
still further reduced by the use of flux which reduces 
the corrosiveness of the slag and improves its fluidity 
so that with good brick and proper slag, steady and uni- 
form blast, and good melting stock, heats of many hours 
are feasible. (It is common to run a week in steel works 
practice). The author made an extensive study some 
years ago when on 120-hr. continuous operation in the 
pipe foundry. He tried heats of 12 to 40 hr. and came 
to the conclusion that 20-hr. heats were the most eco- 
nomical under operating conditions in the author's 
plant. 

Water-cooled cupolas were used—Gmelin’s cupola 
was the first on record (Fig. 4) —but they have not been 
used to any great extent in iron melting. The reason 
for this is probably because of the large amount of heat 
extracted from the zone in which it is most needed, and 
also because of the well known incompatibility of water 
and liquid iron. Water-cooled cupolas are generally 
used in melting rock for wool. There is a mild cooling 
effect with consequent warming of the blast in the wind- 
box type (Fig. 5), such as the Whiting, the balanced- 
blast, the Equi-blast, etc. In this case the heat is not 
lost but on the other hand the cooling effect on the 
shell is rather mild. 


Various Types of Cupolas 


The modern cupola is commonly associated with the 
name of John Wilkinson. The date of his patent was 
June 2, 1794 (Fig. 6). Actually, it was intended as an 
improvement on the old forge used for centuries as a 
smelting furnace but it turned out to be a melting unit 
instead and developed along those lines. Such units as 
the bellows-driven cupolas (Fig. 1) are said to have 
been used by intinerant foundrymen for mending 
broken cooking utensils in China for many centuries. 

Small cupolas have been ingeniously designed for 
special purposes. W. J. Keep made one in sections and 
mounted it on wheels (Fig. 7) while J. W. Paxson built 
a special cupola (Fig. 8) for repairing trolley tracks 
which had its own blower and a guard to prevent dam- 
age to the trolley wire. T. D. West, an energetic experi- 
menter, designed a combined cupola and crucible fur- 
nace (Fig. 9) largely for experimental melts but his 
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Fig. 3—Small cupola constructed from oil drums By 
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Fig. 4—Cupola invented by Dr. Otto Gmelin. 
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Fig. 5—Cross-section of windbox type of tuyere. 
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Fig. 6—Vertical and horizontal sections of John 
Wilkinson’s unit for melting iron. 

























Fig. 8—Paxson truck and track cupola used in melting 
iron for making joints in connecting the ends of rails 
for trolley roads. 
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Fig. 7—W. J. Keep’s sec- 

tional cupola made in sec- 

tions 18 in. deep and about 
27 in. outside diameter. 
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Fig. 9—West’s combined cupola and crucible furnace. 
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Fig. 10—West’s comparative fusion test cupola. 

















Fig. 11—Oval-shaped Mackenzie cupola with con- 
tinuous tuyere. 
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Fig. 12—Cross-section of the Grandall cupola. 




















repeat results were not satisfactory so he designed the 
Comparative Fusion Cupola (Fig. 10) for melting one 
kind of iron in one side and another in the other and 
he assumed the conditions would be the same. He also 
employed the center tuyere. 

The Shaw-Walker Cupolette is an ingenious little 
cupola with an inside diameter of about two feet and 
only about two feet high above the tuyere with a small 
blower similar to a small hair dryer in each tuyere. A 
cover over the top with a small hole, about 6 in. in 
diameter, helps force the blast to the center and also 
radiates the heat downward. Batch melting of 100 to 
200 lb. of iron at frequent intervals and temperatures 
of 2600° F. or higher is a feature of this small unit. 

Cupolas have been built of heights from the 2-it. 
stack of the cupolette to the 50-ft. stack Dr. R. A. 
Moldenke tells about employed in Germany. He states 
tiat it melted hot iron but it is doubtful if the extreme 
height had anything to do with it. Sizes range from 
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Fig. 13—Cross-section of the Zippler tuyere. 














Fig. 14—The reservoir cupola. 
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Fig. 15—Various types and shapes of tuyeres used in the 
S 
foundry ¢ upola. 


about 5 in. to 10 ft. and shapes from rectangular to oval 
and round. The oval cupola (Fig. 11) taken from T. D. 
West's American Foundry Practice (1882), was de- 
signed to give better penetration of the blast in larger 
sizes. Naturally, the brick work is quite complicated 
but the idea is sound and the difficulty has been over 
come by making the furnace link-shaped, i.e., two half- 
circles with a rectangular section between them. The 
three 40-ton cupolas at the author's plant are two 72-in. 
semi-circles with a 30-in. x 72-in. rectangular section. 
Standard firebrick shapes are thus available for lining. 
Some of the earlier cupolas were made square and some 
rectangular, but the circular shape is almost universal 
ly used today. 

The vertical cross-section has been the subject of 
much experimentation. E. Kirk at one time thought 
the shape of a lamp chimney like the Grandall (Fig. 12) 
was the ideal shape but later changed his opinion in 
favor of a straight lining or a slight bosh, as shown in 
the Zippler arrangement (Fig. 13). The reservoir 
cupola (Fig. 14) was another curious shape with three 
courses of odd-shaped fire brick. 

By far the greatest interest in the structural details 
has been shown in the tuyeres. Some of these have been 
shown in previous illustrations, the most successful of 
the unusual ones being the Zippler tuyere (Fig. 15) 
which, Kirk said, worked well so long as Zippler ran 
the cupola. The brick work is somewhat complicated. 
The modern tuyere employed to the greatest extent is 
shown in Fig. 5. Hurst illustrates tuyeres in Fig. 15. 
Others are shown in Figs. 16, 17, and 18. The Watt 
cupola, which Kirk says was a good melter, and the 
Knoeppel (Fig. 19) , which was a practically continuous 
lower tuyere with very high upper tuyeres are also 
shown. 

Kirk says this system was quite successful on some 
large cupolas. One of the first continuous tuyeres and 
the first cupola patented in this country was the Mac- 
kenzie cupola (Fig. 11). Of this cupola E. Kirk says: 











“Before these improvements were made cupolas 
melted very slow, and it was the practice to put on the 
blast just after the noon hour and melt all afternoon. 
From four to five hours were commonly required to 
melt any ordinary heat. 

“Molders generally stopped molding when the blast 
was put on, and a great deal of valuable time was lost 
waiting for iron. To prevent this loss of time, Mr. Mac- 
kenzie, a practical molder and founder of Newark, N.]J., 
conceived the idea of melting a heat in two hours, and 





Fig. 16—Block used for Watt tuyere. 





Fig. 17—Section with tuyere plates attached. 








Fig. 18—Section of a cupola fitted with Watt tuyeres. 
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designed the Mackenzie cupola, which, when first intr; 
duced, was known as the two-hour cupola. 

“This cupola, I believe, was the first cupola patent 
in this country, and it presented a number of new fea 
tures in cupola construction. 

“The old theory of driving blast to the center of th 
cupola by force of the blower and the small tuyeres wa; 
entirely abandoned, and the theory of supplying 
sufficient volume of blast to fill the cupola adopted 
Cast-iron tuyere boxes were bolted to the castings fo: 
the attachment of blast pipes, and blast was delivered 
to the cupola from an inside belt air chamber and 
continuous tuyere. The air chamber which was formed 
by an apron riveted at the top to the cupola shell was 
entirely open at the bottom, giving unlimited space for 
escape of blast into the cupola. 

“This was a complete change from the old theory of 
putting blast into a cupola with great force, and revolu- 
tionized the theory of melting. This cupola gave ex- 
cellent results, and was adopted by all the leading 
foundrymen of the time, and many of them are still in 
use, and continue to give good results in melting when 
properly managed. 

“But this cupola has its objectionable features, the 
greatest of which is its tendency to bridge and bung 
up when not properly managed. This tendency to 
bridge is due to a large extent to the cupola being 
boshed by the inside air chamber, and the blast being 
supplied to it just at the point of the lower angle of 
the bosh. The blast passes up over the bosh before it 
becomes heated, causing a chilling of cinder and slag 
at this point, and the building-out of the lining with 
a very hard substance that is difficult to remove, and 
careless or incompetent melters frequently permit 
the lining to grow at this point until the melting ca- 
pacity of the cupola is reduced one-half, and the smaller 
ones frequently bridge before they are in blast more 
than an hour when the lining is permitted to get out 
of shape. 














































































































Fig. 19—Knoeppel system of cupola tuyeres. 
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Fig. 20—Colliau cupola. 


“Much better results might have been obtained from 
this cupola had the inventor furnished, to be hung up 
near the cupola for the guidance of the melter, a framed 
diagram or blueprint, showing the proper shape for 
lining of the bosh and melting zone when the lining 
was new and as it burned away; but such a diagram was 
never furnished, and I have frequently seen melters 
running these cupolas who did not have the least idea 
of the shape the lining should be put in when re- 
pairing it for a heat, having never seen one when newly 
lined or in shape.” 

Thus Mackenzie obviated the need for penetration 
on large cupolas by the oval shape already discussed. 

rhe furnaces most generally used in the last half 
of the nineteenth century were the Colliau (Fig. 20), 
which were later built by J. W. Paxson. An internal 
view is shown in Fig. 21. The Newton was another good 
cupola (Fig. 22) along the plain simple lines of the 
Colliau. Among the most popular cupolas in England, 
and on the Continent, was the Ireland (Fig. 23) though 
the tuyere system is complicated and difficult to main- 
tain. These cupolas were replaced with a plain cupola 





Fig. 21—Paxson Colliau cupola. 





Fig. 22—Newton cupola. 


of the Colliau type before 1929. It is one of the first 
attached forehearths shown in the literature (ca. 1890) . 
Two other interesting ones are the Magill, with its ex- 
tremely expensive refractory tile tuyeres construction 
(Fig. 24) and the Groves cupola with the triangular 
tuyeres and the cast iron bricks at the charging door 
(Fig. 25). 

Figure 26 shows the Greiner cupola, about 300 of 
which, Kirk says, were used in Europe and in no case 
was the coke saving less than 20 per cent and in some 
cases even 40 and 50 per cent. The Stewart, made in 
Scotland, was of quite similar construction. Figure 27 
shows the section of the Greiner-Erpf. (Alex Moore 
said of this: “A number of pop-gun tuyeres at differ- 
ent heights with which to vaccinate the monoxide as 
it tries to leave by the fire escape without a permit from 
the Board of Health”). There is a striking similarity to 
the Poumay cupola (Fig. 28) which was patented many 
years later. However, there were many Poumays operat- 
ing in England and on the Continent with apparently 
good results in 1929. 

The Sheehan cupola (Fig. 29) -frankly and boldly 
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Fig. 24—Magill patent cupola. 
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Fig. 23—Vertical and horizontal cross-sections of Ire- 
land cupola. 





Fig. 25—Section of Grove cupola with triangula) 
tuyeres and cast iron bricks at the charging doo) 
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Fig. 26—Greiner economical cupola. 
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g. 27—Arrangement of auxiliary tuyeres described in 
Greiner and Erpf's original patent specifications. 
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Fig. 28—I oumay system of SEC ondary air injection 
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puts in two sets of tuyeres and proposes to melt with the 
upper row and superheats with the lower. Sheehan 
claims it can reduce silicon from silica in the reaction 
zone between tuyeres. The author tried this by pouring 
a ladle of molten iron through a 21-in. cupola running 
with nothing but coke in it but the rise in temperature 
was only about 100° F. 

The latest attempt to accomplish the recovery of some 
of the carbon monoxide heat loss is the Balanced Blast 
Cupola of the British Cast Iron Research Association 
(Fig. 30). It is said to differ from the previous examples 
by having the relative amounts of air admitted at the 
several levels adjusted to give a maximum of carbon 
monoxide at the bottom and a minimum at the top. 
Most of the users report excellent results. A useful fea- 
ture of this cupola is the provision of valves by which 
the bottom tuyeres may be cut off one or two at a time 
and any accumulation of slag melted away. One user 
reports regular heats of 30 hr. 

Many attempts have been made to recover the waste 
heat, both sensible and latent, in the blast itself. Cam- 
eron (Fig. 31) tried to cool the refractories on one side 
and heat them on the other. Olivo (Fig. 32) tried to 
add the heat of the gas escaping from the slag hole. 
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Fig. 29—Sheehan cupola with two sets of tuyeres; A, pola. 
melting zone; B, reaction column, and C, superheating 
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Fig. 32—Olivo hot-blast cupola. Fig. 31—Cameron hot-blast cupola. Z 
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33—Holland cupola with heat exchanger above the 
charging door. 




















Fig. 36—Baillot hot-blast cupola. 





















































Fig. 34—Zoller hot-blast cupola. 


























Fig, 35—Frauenknec ht hot-blast cupola. 
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Fig. 38—Improved Moore system designed for a cupola. 


Holland (Fig. 33) in 1890 tried one type of heat ex- 
changer above the charging door, and Zoller tried an- 
other one (Fig. 34). There are several reasons for the 
failure of this type of cupola. There must be consider- 
able carbon monoxide in the gas to give a flame hot 
enough to heat the blast; the flame is usually slow in 
developing; and the mechanical upkeep, due to oxida- 
tion of the structure and to stresses due to repeated 
heating and cooling is high—also, the structure is ac- 
cessible only with difficulty. 

Frauenknecht (Fig. 35) tried by-passing some of the 
hot gases around the preheating zone through the down- 
comer pipes, thus heating the blast instead of the stack— 
the upkeep must have been a problem. Baillot in 1908 
(Fig. 36) ran the blast through a ring-shaped metal box 
in the stack but the heat from so small a contact must 
not have been considerable. Coplan improved the 
Baillot construction by increasing the size of the ring 
which he made of heat-resisting alloy and lowering it 
much closer to the melting zone. He also put vanes in 
the ring to make the blast pass three or four times 
around the box. Warping of the boxes was the chiel 
problem. 

Moore tried the vertical box type of casting (Fig. 57). 
These were of ingot-mold type gray iron and weighed 
over 3000 Ib. They would gradually grow and crack 
(on cooling) at a point just about the level of the top 
bustle pipe (No. 1 in Fig. 37). They lasted from 25 to 
125 heats of 16 to 20 hr. and the blast temperature was 
raised about 200° F. Two high-nickel-chrome boxes 
were tried but they warped badly during about the fifth 
Fig. 37—Moore hot-blast cupola. heat and tore loose at the top connection. _Barr and 

Holmes then designed the tubular construction show? 
in Fig. 38. These tubes are connected at the top b) 
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Schematic view of Griffin hot blast equipment. 


U-bends with a piston ring fit so there is no restraint 
lengthwise. Plain cast iron pipe was used at first but 
25-20 chrome-nickel steel is used now with results of 
over one hundred 20-hr. heats to date with no signs of 
failure. The temperature rise on this type is of the 
order of 250 F. 

[he Griffin hot blast (Fig. 39) is the most widely 
used and generally successful scheme yet devised for 
using both sensible and the latent heat of the cupola 
gas. A large portion of the gases is exhausted at a point 
a few feet below the charging door and burned in the 
heat exchanger where the blast is heated to 600° F. 
[he only trouble with this unit, that has come to the 
author's attention, is the upkeep of the heat exchanger, 
although due to the size and cost of an installation it 
would hardly be justified except for a large operation 
and long heats. 

A fairly obvious way to get a hot blast is just to heat 
it. Practically any good heat exchanger and any kind of 
fuel can be used. One that has operated on malleable 
iron for some years in the installation at Fischers in 
Schaffhausen (Fig. 40) applied to small cupolas with 
24 to 39-in. internal diameter and fired with gas to get 
1100° F. The combination operates most efficiently on 
six to eight per cent coke with air heated to 1100° F. 
Below this amount of coke, not enough blast is required 
to bring in the necessary heat and if excess blast is used, 
the iron is severely oxidized. The efficiency of the whole 
unit is stated to be 59 per cent. The blast temperature 
is above that of the ignition point of the coke so there 
is no danger of blowing out the fire. The tonnage is 
therefore relatively high and due to the small amount 
of coke used, sulphur pick-up is low. 

Che Schiirmann cupola (Fig. 41) was tried to some 
extent in Germany but it seems to be just another 
cupola for the history books now. It is a reversing re- 
generator, but the slag, coke, iron, etc. was destructive 
to the checker brick since it was blown right across the 
melting zone. The latest proposal is due to E. Longden 
(Fig. 42). This is a revival of the old idea of blowing 
fuel into the tuyeres with the blast. Part of the air 
goes through a gas producer E and the oxygen is con- 
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Fig. 40—Piwowarsky hot-blast cupola. 











ot _ = 
ts WERERREESASAAAAAAASAASAASAARSAAASS 
~, 





RQ“u gas 





Ig 
SASSO 











RUSS SS Sssasss soon 
YA 


( 
SS 
SS 





Ypunwen , 
_—— 


Lk 
— 


Fig. 41—Schurmann hot-blast cupola; H, cupola 

shaft; J, charging door; K, cold air from blower; 

A, reversing valve; B, preheater; E, preheater; 

C, main tuyeres; D, small secondary air boosting 

tuyeres to the chamber; M, distributing and sec- 

ondary combustion chamber; F, throttle valve; 
G, outlet chimney. 
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Fig. 42—Longden hot-blast cupola. 


verted to carbon monoxide; this then passes through 
the inner pipe and is mixed with the rest of the blast 
at the tuyeres. It does not look promising for the same 
principle has been tried with gas, tar, oil, and powdered 
coal but all have been abandoned, insofar as the author 
knows. It was reported that an explosion destroyed 
the last cupola that was blowing powdered coal into 
the tuyeres. 

In addition to heating the blast, the advantages of 
which are clearly proven practically and theoretically 
sound, other expedients have been tried, such as the 
utterly unsound scheme of recirculating the gas, and/or 
blowing steam into the tuyeres—both of which were 
done on the irrational assumption that the temperature 
in the melting zone was too high and that these devices 
would spread it out. Drying the blast, which is also 
reasonable from a heat balance standpoint, was tried 
early—soon after the experiments on the iron blast 
furnace proved successful. But it was abandoned for 
a long time and only recently was revived for making 
piston rings and has since been reported to be of value 
with other castings where the close control of chilling 
tendency is important. 

However, some experiments seemed to show that 
water sprayed into the tuyeres did for a time increase 
the temperature of the molten metal. E. Piwowarsky 
explained this phenomenon on the basis of improved 
heat transfer due to the hydrogen in the gas. Undoubt- 
edly, some moisture is necessary to catalyze combustion 
but the weight of evidence seems to show that about 
three grains per cu. ft. is the best value and that the 
cupola suffers if the moisture is in excess of this amount. 
It is probably true that most castings are not sufficiently 
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sensitive to chill to justify the cost of dry blast and thar 
the small amount of coke necessary to compensate for 
ordinary excess moisture is economical. 

Pulsating blast has been stated superior to steac\) 
blast, according to some work done in France but in 
the author's plant where we use sometimes a fan with 
its steady blast and sometimes an epicycloidal blower 
with its pulsations, we have been unable to see any 
significant difference. 

Wartime developments in cheap oxygen offer some 
hope of improvement by enrichment and some experi- 
ments are now under way along this line. It will depend 
on whether the higher temperature developed can be 
put into the iron or whether it will merely result in 
richer gas. It may turn out to be the best solution of the 
problem of the decline in coke quality. 

In preparing this Charles Edgar Hoyt Lecture, the 
author spent several days browsing through the early 
volumes of TRANsAcTIONS of the American Foundry- 
mens’ Association and the early issues of The Foundry. 
These were the days when W. J. Keep (Fig. 43) con- 
ducted a Question and Answer column in The Foundry, 
and E. Kirk was a frequent contributor. Thos. D. West 
advocated center tuyeres and Dr. Moldenke (Fig. 44) 
was Secretary of the American Foundrymens’ Associa- 
tion and his whiskers were still black. Grand men of 
the foundry who did wonders for the development of 
the cupola and the understanding of its operation! 

There were still many who derided the chemist in the 
foundry. Some good humorous verses passed through 
the pages of The Foundry only 50 years ago on that 
subject. Much activity was under way in the matter of 
standard samples for the analysis of pig iron—something 
probably none of the foundry executives here has ever 
thought about. Actual temperatures are notably absent 





Fig. 44 — Dr. Richard 
Moldenke, Past Secretary 
of A.F.A. 





Fig. 43—Sketch of W. J. 
ee Keep. 
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m their discussions of actual data, nothing about 
ume except that it was sometimes mentioned as 
lower capacity. The chief subjects of debate were coke 
tios, upper tuyeres, the relative virtues of anthracite 
1] and coke, and later beehive and by-product coke, 

i the effect of the weather on melting. 

Kirk understood the space theory of melting in 1877, 
12 before Moldenke and Belden’s tests proved it, and 
rated that the piece of coke-piece of iron theory of 
arging was based on the belief that melting took 
ace all the way up the stack. He mentions the case 
light coke; instead of increasing the coke you should 
luce the amount of iron in the charge instead. This 

may be the reason for some of the problems with poor 

oke today. Outerbridge showed clearly in 1906 the 
advantage of silicon added to the ladle. W. J. Keep 
explained the reason for preferring wet coke after the 
bed was made; that the water prevented, to some ex- 
cent, the formation of carbon monoxide and since there 
is always excess heat in the stack it would pay to have 
, shower bath for the coke pile. 

Granted good construction, adequate blowing equip- 
ment, with pressure gages and volume control—all 
readily available today—a good refractory lining is the 
first concern of the melter. Long ago, the importance 
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Fig. 45—Stage of combustion vs. melting cost. 
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Fig. 46—O perating conditions for a 54-in. diameter cu- 
pola. 


of good brick laid close together was appreciated but 
even so a new lining will sometimes leak at the joints 
and run a “hot spot.” A good practice is to lay the 
melting zone of smaller size brick than the rest of the 
stack and after drying daub this for the first heat just as 
for subsequent heats. 

Proper sizing of scrap and pig is important but this 
is solely in regard to the size of the stack, on the big 
side, and the size of the coke on the little side. Coke 
these days is coke but usually by varying the blast 
almost any coke can be made to produce hot iron, 
though not perhaps in the desired quantities. Clean, 
small stone is far better even for large cupolas than 
big stone and dolomite is in our experience better than 
limestone pound for pound since the atomic weight 
of magnesia is less than that of calcium. Plenty of 
stone is usually a saving both in operating smoothness 
and, by keeping the cupola clean, actually saves the 
lining. 

The fundamental importance of the bed was recog- 
nized by all of the old masters and it can not be over- 
emphasized today. If the bed is properly “lit-off’ and 
of the correct height for the size and quality of the 
coke and the volume of blast, the subsequent charges of 
iron and coke control, mainly, the temperature of the 
iron and the melting rate. If the bed is too high a little 
time and coke is wasted but if the bed is too low, oxida- 
tion may be heavy and the whole heat lost. Subsequent 
charges of coke must maintain the correct height of 
bed but again if too much is used, the only result is 
waste of time, coke and power, but if it is not enough, 
iron begins to oxidize, the slag gets out of control, 
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tuyeres stop up, refractories burn out and, unless caught 
in time, the heat may be stopped. Poor coke, an error 
in weighing, forgetting a charge of coke, one-sided 
charging, or not enough flux to keep the slag fluid are 
the chief causes of such occurrences. 

John Doyle said in 1905 (The Foundry) that “ 
melting ratio is like the pot of gold at the end of the 
rainbow—it had better be let alone rather than searched 
for.” Kirk said in 1904—it is “lots cheaper to buy scrap 
than to make it.” Figure 45, taken from The Cupola 
Handbook, shows actual cost in iron by too much coke 
saving and Fig. 46 is one of the charts from the same 
excellent volume which illustrates the amount of the 
average good foundry coke needed for a given tempera- 
ture, volume, and tonnage for 54-in. cupola. The Cu- 
pola Handbook gives a complete set of these charts and 
they should be used to check every operation. ‘They are 
not valid for any but average good coke. It will be 
noted that only by employing high-coke burdens can 
one get high temperatures in a cold blast cupola. 

Much stress has been laid since the Moldenke-Belden 
tests on the shape of the bed and the thickness of the 
melting zone found in those tests. Belden’s tests were 
run at fairly low blast volume and P. H. Wilson proved 
by tests that the shape shown by Belden, an inverted 
cone, is gradually flattened out and then actually re- 
versed as the blast volume is increased. F. K. Vial has 
proved that a 12-in. coke charge is not too thick for 
normal operation. This is not inconsistent with the 
1-in. zone found by Belden for as would be expected, 
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and lately proven by Rambush and Taylor, the si 
of the coke decreases rapidly as it goes down the stac} 
furthermore the coke used up as monoxide never ge‘; 
there so the two figures probably mean the same thi 

The author should like to close with a few of t 
“Cupola Scraps” of E. Kirk: 

“Often a melter ‘don’t know’ why the cupola is work- 
ing badly, because, if he knew he would discharged fo, 
carelessness.” 

“A bad light up makes a bad heat. The bed must 
be burned evenly or it will not melt evenly.” 

“Don't burn up the bed before charging the iro: 

“A new cupola always effects a great saving in fue! 
but it is often hard to find the fuel (saved) at the end of 
the year. A little more practical knowledge in managing 
the old cupola will often enable the foundrymen to find 
the fuel saved and the price of the new cupola besides 

“If you go into the foundry when the heat is being 
melted and find the tap hole almost closed, the spout 
all bunged and the melter picking at the spout with a 
tap bar and running a rod into the tap hole a yard o1 
so, in his efforts to get the iron out, and remark to him 
‘You are having some trouble with your cupola today, 


he will say: ‘Yes, we have some very bad coke today.’ or, 


‘We are melting some dirty pig iron or scrap today, sir!’ 
He never thinks: ‘We have a very poor melter today 
sir!’ ”’ 

And last but not least— 


“Less fuel is generally required to melt iron in the 


foundry office than is required to melt it in a cupola.” 
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INVESTMENT CASTINGS* 


Kenneth Geist ' and Robert M. Kerr, Jr.* 


ABSTRACT 


authors thoroughly discuss procedures, materials and 
pment for manufacturing investment precision castings. A 
brief history of investment precision casting relates experiences 
preceded industrial application of this casting method. 
Expansion characteristics of several investment materials are 


rated. 


I. History 

PRECISION INVESTMENT CASTING, using the lost wax 
process, has come to us from three different sources. 
The first was art or sculpture. Probably the first re- 
corded use of this process was made by the Chinese 
several thousand years B.C. With the exceptions of 
a few fleeting instances, little is known of the progress 

f this art until about the 16th century. During the 
i6th century Benvenuto Cellini cast many of his figures 
and objects of art using the lost wax process, or as it 
was known in those days, “cire perdue.” Like other 
of his contemporary artistic countrymen such as 
Raphael and Stradivarius he kept his method secret, 
hence the process was lost for several hundred years. 
The lost wax process, however, was rediscovered in 
1897 by a dentist, B. F. Philbrook of Iowa. Real recog- 
nition, however, usually is given to W. H. Taggart. 

The dental profession provided the second source 
by supplying complete casting outfit and necessary 
materials to produce precision castings. Although mate- 
rials and methods have been greatly improved and per- 
fected, the original process is still essentially the same. 
lhe dental profession has greatly enlarged this second 
source by the constant research carried out by dentists, 
dental schools, the American Dental Association Re- 
search Benefit, the National Bureau of Standards, and 
the Dental Manufacturers. 

In the early 1930’s the jewelry trade supplied the 
third source of information and technique. It was a 
logical step that this process should be adapted to a 
related art, the casting of precious alloys for jewelry. 


* Official exchange paper of the American Foundrymen’s Asso- 
ciation, presented at pm 44th Annual Conference of the Institute 
of British Foundrymen at Nottingham, June 19, 1947. 

| Technical Engineer in Charge of Precision Casting at Allis- 
Chalmers Mfg. Co., Milwaukee. 

President of the Kerr Manufacturing Co., Detroit. 


The jeweler, while not so demanding in dimensional 
accuracy, does require intricate shapes with smooth 
surfaces and minute detail, with the further require- 
ments of many similar castings from one master. They 
were interested primarily in production of engagement, 
signet, and wedding rings. The better grades of these 
rings have always been stamped in two pieces, formed 
into semi-circles, and then soldered together. This 
necessitated a very large investment in stamping dies. 

The sale of rings is seasonal and new models are 
brought out each year. The manufacturing jeweler 
found himself in the unpleasant position of making 
up a great number of new models with a corresponding 
number of stamping dies, sending these out with his 
salesmen to the trade, and having these salesmen report 
that only two or three of the samples were acceptable 
to the customers. This necessitated the scrapping of 
many dies, so the manufacturing jeweler turned to the 
dentist's process. 

The only thing he could not get from dentistry was 
the method of making thousands of castings all alike, 
so the manufacturing jeweler developed a permanent 
die; his contribution to the lost wax process. 

Hence we have the information and technique, com- 
bined from three sources: The arts, contributing the 
fundamentals of the process, the dental profession, con- 
tributing accuracy, smoothness, and fine detail, the 
jewelry trade contributing the permanent die as a 
means of producing thousands of castings all alike. 

We now step into the industrial precision investment 
casting. First, we are going to discuss the various steps 
in precision casting, and outline the various methods 
for accomplishing these steps. 

II. STEPS IN THE PROCESS 

Briefly, the sequence of operation to produce castings 
starting from the blueprints is as follows: 

1, A master pattern is produced incorporating all the 
shrinkage allowances. 

2. A die is produced which is a negative of the pat- 
tern. 

2A. Frequently step | is eliminated and a metal die 
similar to a die cast and a plaster molding die is made 
by conventional methods. 
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Fig. 1—Thermal expansion of a typical wax. 


3. An expendable pattern is produced from the die. 

4. A number of patterns are assembled together on 
an expendable gate to form a group for economical 
casting. 

5. A flask is placed around the group and the invest- 
ment is poured in. 

6. The mold is allowed to set and is then placed in 
a low temperature oven to eliminate the pattern and 
help complete the chemical reaction. 

7. The mold is placed in the furnace and fired at 
800° F. to 2100° F. 

8. The metal is melted and cast into the hot mold. 

9. The castings are cleaned and given surface treat- 
ment. 

10. Heat treatment or straightening operations are 
performed if necessary. 

We will now discuss each phase of the process in 
detail. We shall describe the development of the vari- 
ous operations and the various shop practices. 


1. Production of the Master Pattern 

When a precision caster is considering an item to be 
made, one of his first decisions is whether to make a 
master pattern or to sink a die directly from the blue- 
print. The factors which influences this decision are— 

a. Equipment of the tool room. 

b. Complexity of the item. 

c. Size of the order. 

Normally, it takes a rather complete tool room to 
sink a die. It is usually easier to make a pattern and 
cast a die from it. However, if the order is large, it is 
probably more economical to sink a st :1 die because 
the die life is much greater than that of the cast die. 

The majority of the shops make up the master pat- 
tern of die incorporating all the shrinkage allowances. 
These include shrinkage of the die material, expend- 
able patterns, and metal. There usually is an expansion 
of the investment so that this must be deducted from 
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the total shrinkage. Some shops make a master pattern 
to the exact size of the casting and depend upon t 
expansion of the investment to compensate for all the 
shrinkages. The pattern, when complete; includes al! 
of the pins, cores, core prints, draft, etc., that ar 
needed. The patterns may be made of brass, steel, cast 
stone, wood, or other materials. The most reliable, of 
course, are made from metal. 


2. Production of the Injection Die 

There are several ways to make the dies in which the 
expendable patterns are formed. These dies are the 
negative shape of the pattern. When making sample 
castings or checking on the feasibility of making such 
castings, there are several inexpensive die materials 
available. These include rubber, cast stone, and in 
some cases, cast metal. If accuracy in dimensions is not 
required, the first two may be used since they can bh: 
made in a few hours. The cast metal die is capable of 
considerable accuracy but will usually wear out after 
several thousand injections. The steel die is by far the 
most satisfactory if economically possible, as it will 
last indefinitely. 

Because the soft metal cast die is easy to make and 
will still give good accuracy we will briefly describe a 
method to produce one. After the parting line has been 
decided upon, the master pattern is imbedded in stone 
or plaster to establish the parting line. It is then dried 
in a low temperature oven at approximately 250° F. 
for several hours. A flask is placed over this and the 
soft metal is poured in. When cold, the stone or plaster 
is cleaned away and the parting line is trimmed. An- 
other flask is placed on top of the first and a parting 
compound is applied so that the two halves will not 
fuse together. The second half is then poured, and 
when cold, the two halves are separated. It is frequent) 
desirable to apply pressure when casting the die in 
order to secure complete filling of all the details. This 
can be done by means of either mechanical pressure or 
air pressure. It may also be desirable to press the two 
halves together to cold flow the metal around the pat- 
terns. After the two halves are separated, the master 





Fig. 2—Showing wax pattern poured without pressure 
(left) and with pressure (right) 
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‘terns are removed and the gates and runners are cut 
ind the injection hole is drilled. It is desirable to 
inge the die so that the gates used for injection are 
same as those used for casting. If any pins or cores 
to be used they must be fitted in. 


»roduction of the Expendable Pattern 
As ¢ xplained in the historical section of this paper, 
arly sculptors carved their pieces out of an expend- 
material; the dentist forced the material into the 
ties by hand; the jewelers made a die into which the 
was either poured or forced. 
\t the present time, two expendable materials enjoy 
most usage; wax and plastics. Most of our experi- 
has been with wax, so we will discuss the charac- 
stics and use of wax, although many of the treat- 
nts will also apply to plastics. We prefer to use wax 
cause of the lower injection pressures necessary, be- 
it is easier to control shrinkage, because it melts 
it lower temperatures, and wax does not have the 
nger of cracking the mold through excessive expan- 
n over a long temperature range. 


Properties of Wax 


First let us consider some of the properties of wax. 
Figure 1 is a typical thermal expansion curve of a 
dental casting wax. This curve will apply equally to 
waxes used in industrial casting, although the numeri- 
cal values may vary slightly. You will note that upon 
heating, the wax expands considerably. Likewise, after 
injection, the wax shrinks considerably on cooling to 
room temperature; this is called solid shrinkage. This 
shrinkage is one of those which must be compensated 
for when making up the master pattern. In addition, 
in a complex die there are sure to be distortions, either 
because certain portions of the die will resist wax 
shrinkage, or because of variable cooling rates due to 
the shape cause stresses set up in certain directions. 

In addition to the above solid shrinkage, we have 
liquid shrinkage which manifests itself in dips or de- 
pressions in the surface of the wax pattern. This is due 
to the fact that the center portions of the wax pattern 
solidify after the outer walls do, permitting the atmos- 
pheric pressure to push in the walls. Figure 2, left hand 
view, shows the wax poured into the die with no added 
pressure. Note the dips or depressions in the surface. 
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Fig. 4—Centrifugal casting machine used by jewelers. 


The right hand picture shows a wax injected at 50,000 
psi pressure. Note the absence of depressions. 

There are three methods by which we can obviate the 
volume shrinkage. One is to make a “bastard” die and 
allow for the shrinkage. The second method is to place 
a piece of solid wax or internal chill in the die to take 
up the bulk of the space and thus not allow much 
liquid wax in the die. The third method is to use very 
high injection pressures to keep forcing in wax during 
solidification. Each of these methods has its place and 
must be used where most practical. 

The first method used in filling the die was to pour 
the wax in. This was perfectly satisfactory until heavy 
sections were encountered with the subsequent shrink- 
age problem. The first improvement was the use of the 
hand or mechanically operated syringe with which 
200 to 400 psi pressure could be obtained (Fig. 3). 

The jewelers developed the method of centrifugally 
casting the wax into the dies, obtaining 25 to 50 psi 
pressure. Figure 4 shows one of these centrifugal cast- 
ing machines. 


Methods of Injecting Wax in Dies 


In a majority of the industrial plants the most com- 
mon method of filling the dies is to force the wax in 
with air or hydraulic pressure. Figure 5 shows a little 
device which can be easily built for laboratory or small 
production work. It is a small grease pump, surrounded 
by a water jacket, and mounted on a drill press for 
raising or lowering onto the die. This type of gun will 
develop pressures of around 1000 psi. 

A unit such as shown in Fig. 6 was used for the pro- 
duction of many millions of turbo supercharger buckets. 
This unit consists of a vertically mounted air cylinder 
operating on a I-in. I.D. grease gun. The die was held 
together in a hold down press and wax was injected 
at 500 to 1000 psi. 

Figure 7 shows a wax injection machine manufac- 
tured by an industrial supplier. This machine produces 
pressures of 8000 psi. In addition to that, it has auto- 
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Fig. 9—Two tapered die halves for wax pattern ma: ing 





Fig. 6—Grease-pump type of wax injector. 
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Fig. 12—Thermal expansion curve for 25 per cent plas- 


ter of parts investment. 
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COMPOSITION OF INVESTMENTS 








BINDER REFRACTORY 

Plaster of Paris Quartz 

Plaster of Paris Cristobalite 
Tetra Ethyl! Silicate Silica 

Alumina Cement Silica 
Zirconium Silicate Silica 

Silica Gel Silica 

Sodium Silicate Silica 





Fig. 15 


matic hydraulic devices for opening and closing the 
dies. In this particular arrangement there are six pat- 
tern making machines with a central source of heated 
wax sent under pressure to the dies. The patterns, de- 
pending on their size and cooling rate can be made in 
this equipment from five seconds to one minute each. 
As many as 20,000 patterns a day have been made. It 
has been found, however, that 8000 psi is still not high 
enough pressure to absolutely eliminate shrinkage in 
large pieces. 

Figure 8 shows a machine which has been developed 
for that purpose. This machine is hydraulically oper- 
ated feeding the wax into the die at pressures of as 
much as 100,000 psi in large volumes. Five cubic inches 
of wax per second are automatically injected under a 
pressure of 1,000 psi. As soon as the die is filled, a 
special small ram comes into play exerting up to 100,- 
000 psi pressure on the wax in the die. In order to with- 
stand these pressures, a positive clamping device has to 
be used. Figure 9 shows the two tapered halves of the 
die and the tapered ring into which they fit when closed. 
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Fig. 16—Industrial cristobalite-water/powder ratio vs. 
crushing strength for 1-hr. set. 
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Fig. 17—Industrial cristobalite effect of water-powder 
ratio on thermal expansion. 


This tapered ring provides the positive clamping pres- 
sure required. 


4. Assembly of Wax Patterns 


In order to make the process as economical as possi- 
ble, the individual wax patterns are grouped together 
to form an assembly. Figure 10 shows a typical assem- 
bly of turbo-supercharger buckets. This grouping 
serves more than to produce an economical setup since 
it has been proven that the more patterns that can be 
packed into flask and the less investment that is used, 
the higher the quality of the castings obtained. 


5. Investing 


Back in 1907, 1908 and 1909, when the dentists first 
started making castings, they considered themselves 
fortunate when they got a casting at all. They were not 
at all familiar with investment compounds nor with 
proper melting and casting techniques, so they did not 
notice that their inlays did not fit properly until they 
began to lose teeth. As a result, a research commission 
was established in the U. S. Bureau of Standards to find 
out why inlays did not fit. 

The explanation was the shrinkage chart shown in 
Figure 11. Dental investment of that period contained 
about 55 per cent plaster of paris as a binding agent. 
You will note that as the temperature is increased, the 
investment shrinks until at 1652° F. it has shrunk one 
per cent. Add to this the shrinkage occurring in the 
metal and you will find that there is a total of between 
two to three per cent shrinkage. Obviously, the cast- 
ing would be too small and leakage would occur which 
would cause decay. 

The next step was to make an investment material 
that did not have so much shrinkage. Figure 12 shows 
the expansion curve with investment containing 29 
per cent plaster of paris and the balance a refractory 
material. In place of the shrinkage shown in Fig. !! 
we see an expansion taking place. 

In all modern investments the refractory materia! is 











°o 
© 
EXPANSION 


THERMAL 


o 
w 
PERCENT 





2 F. 


ow de 


zy pres 


poss! 
pether 
assem 
uping 
) sINcé 
an be 
used 


ts lirst 
selves 
re not 
> with 
id not 
1 they 
Lission 


o find 


wn in 
rained 
agent. 
d, the 
ik one 
the 
tween 
> cast 


w! ich 


iterial 
shows 
ng 25 
actors 


ig. Il 








RT a 





>” ar Beaty aea 


Ae si ns ai 


SEAR aed pe alten I hor RN cre Se 


tes tea. 


a nee De te 


Mab eke 


eist AND R. M. Kerr, JR. 





Fig. 18—Dipping of wax patterns in thin slurry. 


1 form of silica. 
so in order to get higher percentages of expansion, it is 
This curve (Fig. 12) rep- 
resents about the maximum that can be expected with 
quartz, although certain modifiers such as chloride salts 
can be added to increase the expansion slightly. 

In 1932 it was found that by substituting cristobalite 
for the quartz, an investment having high expansion 
characteristics could be made. Not only is the expan- 
sion high but it is obtained at the relatively low tem- 
perature of 572° F. By this research work the dentists 
were able to use an investment which would compen- 
sate for metal shrinkage and insure an accurate fit of 


The silica expands, the plaster shrinks, 


necessary to use more silica. 


inlays (Fig. 13). 
Figure 14 shows the results obtained in the dental 
castings. Not only is accuracy necessary, but it can be 


seen that to maintain the delicate carvings and narrow 
knife edges, the investment must be easily removed 
from the casting. Hence, dentistry has contributed 
three things to the casting process; accuracy, smooth 
surface, and investment compounds which could be 
easily removed from the castings. 


Classes of Modern Investments 
[he modern investments should be divided into two 
classes; those used for low temperature work, and those 
used for high temperature work. Low temperature in- 
vestments are used for metal with pouring temperatures 
of 2000° F. or below, and which contain no iron. High 
temperature investments are primarily used for metals 
that are poured above 2000° F. although they may be 
| for low temperatures also. 
Figure 15 contains a list of binders and refractories. 
Plaster of Paris is the binder used in about 95 per cent 
of all the investments used for low temperature casting. 


Ihe principal binders used in high temperature invest- 
ment are silicagel which may be obtained from tetra 
ethyl, 


sodium silicate, 


zirconium silicate, 
and various phosphates. The princi 


1 the form of quartz or 


silicate, aluminum cement, 
pal refractory is silica, either 
Other 
magnesium oxide, or 
ment compounds, they are mixed with either water or 
some chemical, and then are allowed to set. The first 
property we want to consider is what happens to these 


cristobalite. refractories are aluminum oxide, 


grog. In the use of most invest- 


materials when the proportions of water or liquid 
chemical are varied. 

Figure 16 shows properties of a cristobalite invest- 
ment mixed with water. 
is plotted horizontally, 
water in 100 parts investment to 50 parts water in 100 
parts of investment. We plot the crushing strength in 
You will note that by changing the ratio 
50 parts of water, we have 


rhe ratio of water to powder 
and it varies from 40 parts 


psi vertically. 
from 40 parts of water to 
cut the crushing strength in half. 

Now, we might have done development work on the 
castings and used 40 parts of water having a crushing 
strength of 800 psi. If a centrifugal casting machine 
was used a force of 550 psi acting on the fluid metal 
might be developed. According to Fig. 16 this mixture 
would withstand that force. If, 
no particular care was taken in measuring the 

the workmen might have used as much as 50 
parts of water, thus reducing the crushing strength 
below that force exerted by the incoming metal. As a 
the mold would crack and the cores break and 
This illustrates the importance of sticking 


in production, how 
ever, 
water, 


result, 
wash away. 
to a procedure once it is established. 

Figure 17 shows what happened to the expansion 
curves when the liquid content varies from 40 to 50 
parts per 100 parts of investment; that is, the expansion 
has varied 25 per cent. Hence, in order to maintain 
tolerances it is very important that the proportioning 
of the investment be closely controlled. 


Methods of Investing Mold 
There are three methods of investing that are com 
monly applied: 


Number |, primary coat and secondary coat, o1 





Fig. 19—Quantity production of precision castings. 
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double investment; 

Number 2, single investment, which is vacuumed 
and poured; and 

Number 3, single investment which is poured and 
vibrated. 

In the first process a thin slurry of very finely ground 
refractories (200 +- mesh) and binder is made into 
which the wax patterns are dipped (Fig. 18). This thin 
coating is allowed to air-dry after which a coarser slurry 
is poured into the flask around the coated patterns. 
In order to assure complete packing, the entire flask is 
placed on the vibrating table. 

The advantage of this process is that a much cheaper 
secondary investment can be used. The disadvantages 
are that very small holes cannot be bored out, and that 
occasionally portions of the dip coat or primary invest- 
ment peal off giving a rough surface at that spot and 
introducing loose foreign material into the mold. Since 
no vacuum is used it is necessary for the patterns to 
be arranged in the flask so that no air is entrapped, 
causing bubbles on the casting. 

The second or mix, vacuum, and pour method is 
usually used for very fine detail and when small holes 
are required, since this is a single investment. The 
investment is mixed in a relatively low speed mechani- 
cal mixer, such as a commercial dough mixer, to avoid 
beating air into the mix. As soon as the mixing is com- 
pleted the bowl is covered by a bell jar and vacuum 
is applied until the air is drawn out of the mixture. 
The deaerated investment is then poured into the 
flask, and if desired, revacuumed to remove any air 
trapped during the pouring operation. A smooth pat- 
tern is assured by this method, because there will be no 
air bubbles against the wax pattern to be later con- 
verted into nodules of metal when the metal is poured. 

Figure 19 shows this process being done on the pro- 
duction basis. The mixing is shown at the left. The 





Fig. 20—Investment vacuum processing. 
< c 


PRINCIPLES OF PRECISION INVESTMENT Casting 




























































































1.4 T T 
tom ea! 7 
L | | 
; , 
1.1 a + 
Zz * | | 
e 1.0 s | 4 
2 .}—_++—> $a 
= | § 
ne: = ——— 
. ue ae 
? 7 $ , a 
J ~ nN 
2 | $ - 
= |» 3 | 
2 s+ . = 
4 y 
uy .4 & | —_— 
a J é es 
3 = a a 
0) | | 
yy 
o Baw vA ae eet ee 
' a = 
| i | | | 














752. 932 «1992 «1292 1472 1652 


FAHR 212 392 572 
500 600 700 800 900 


CENT 100 200 300 400 


TEMPERATURE 


Fig. 21—Comparative thermal expansion for Kerr cris- 
tobalite inlay investment and ordinary high expanding 
investment. 


mix is then placed under the bell jar and vacuumed. 
It is then poured and allowed to stand until set. 

Figure 20 shows the air bubbles rising out of the mix 
during the vacuuming process. 

The third method of investing also employs a single 
type investment, but it is used in a much thicker con- 
sistency than is used in a mixed, vacuum, and pour 
method. Hence, in order to insure a good pack, it is 
necessary to vibrate the flask containing the investment 
Little more need be said about this type of investment. 

It is highly important that the physical properties 
of the investment being used is thoroughly understood 
because not only are the tolerances affected but many 
defects in the casting are caused by improper handling 
of the flask. In Fig. 21 are shown expansion curves for 
two low temperature non-ferrous investments both hav- 
ing high expansion qualities. If we should choose a 
mold temperature of 400° F. on the cristobalite curve, 
we would have an expansion of 0.35 per cent. Now, if 
by some mistake or failure in the controls, we should 


heat our molds to 570° F., we would have an expansion 
of 1.25 per cent or an increase in expansion of 0.90 per 
cent. 

On the other hand, if we were to choose a mold tem- 
perature of 1300° F. we would have an expansion o! |.5 
per cent. If, by a similar mistake, we heated the mold 

n 


to 1450° F. we would only have a change in expan 
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Fig. 22—Thermal expansion of ferrolite investment for 
ferrous and high-temperature alloys. 


of about 0.02 of 1 per cent. Obviously, in the produc- 
tion setup, good results could not be obtained in the 
temperature ranges where the expansion curve is rising 
rapidly. A flat section of the curve should be chosen. 
rhis is also advantageous because it is sometimes neces- 
sary to hold the mold at casting temperature for longen 
periods than scheduled, due to mechanical trouble in 
the casting process. If the curve is flat, there is little 
danger from prolonged heating. 

Che rapidly rising expansion curve points out an- 
other danger which must be avoided; namely, too rapid 
an increase in temperature. Since nearly all the in- 
vestment compounds are poor conductors there would, 
of necessity, be a very steep temperature gradient be- 
tween the outside and the center of the molds during 
rapid heating. Hence, due to the rapid changes in ex- 
pansion, there would be stresses set up in the investment 
which would tend to crack and warp the mold. There 
is also the possibility of generating steam faster than 
it can escape, resulting in spalled surfaces due to exces- 
sive steam pressure. 

[he above properties were those of a non-ferrous in- 
vestment, but the principles apply to all the invest- 
ments. ‘he expansion curves are all quite similar (Fig. 
<<). Those investments having silica-base refractories 
have the added hazard of inversion points through 
which the heating rate must be slow. The magnesia- 
or zirconia-base refractories do not have these inversion 
points 

Various formulas for investments and binders are 
shown in Table 1. 


6. Wax Elimination 


Subsequent to the investing operation and prior to 


25 


firing, most of the wax is eliminated from the mold by 
any one of several methods. Those investments con- 
taining water as a carrier can be placed in a low tem- 
perature circulating air oven. Those investments con- 
taining inflammable carriers such as aicohol should be 
dewaxed by a low pressure steam jet applied to the wax 
sprue . It is quite important to eliminate a good portion 
of the wax before firing because the wax usually ex- 
pands more than the investment, and hence, when it 
soaks into the investment it can generate enough pres- 
sure to crack or spall the mold or cause the surfaces 
to buckle. 


7. Firing the Mold 

There are several reasons why the mold is fired. The 
first reason is to eliminate the last vestiges of the ex- 
pendable pattern, either wax, plastic, or metal. There 
is always some wax left in the mold after it has come off 
the steam tables or out of the low temperature oven. 
This can only be eliminated by burning completely 
which is difficult to do on a production basis at less 
than 1200° F. 

The second reason is to provide a hot mold so that 
the metal will run into all the farthermost corners. 
Since many pieces cast have very thin webs or fine de- 
tail the mold must provide every advantage for the 
metal to run. 

The third reason is that part of the linear shrinkage 
of the metal and wax can be compensated for by the ex- 
pansion of the investment. As a matter of fact, some in- 
vestments are compounded so that minor dimensional 
errors may be corrected by varying the mold tempera- 
ture. 

There are two general methods for firing the mold. 
The first is the batch type of furnace. Batch furnaces 
are quite versatile since the heating cycle can be varied 
quite easily to suit the particular mold. They must be 
cooled down to 200 to 300° F. each time they are loaded, 


TABLE 1—INVESTMENT FORMULAS 





No. 1 No. 2 * 
Per Cent Plaster of Paris §2.0 
Plaster of Paris ... . 30.0 Marble dust - .. 16.0 
Silex (powdered) 70.0 Graphite 16.0 
Soapstone (powdered) 16.0 
No, 3* No. 4° 
Paster of Paris 50.0 Alpha gypsum (21) 30.0 
Powdered mica er 25.0 Silica (200-400 mesh) 62.0 
Marble dust .. 25.0 Andalusite (fine) itcosbewe 5.0 
_ Alundum (fine) 1.0 
: No. 5* Boric acid ' 2.0 
Plaster of Paris 30.0 N - 
Cristobalite . eee ee ee , 
Tridymite (and silica) . 20.9 060 S-ieined gypeum 30.0 
Silica . 69.0 
No. 723 Strontium chloride ........... 1.0 
Calcined gypsum oe 80.0 No. 8 ™ 
Be Gl a cddnabarkavccte 20.0 Plaster of Paris 60.0 
- Silica ceceseosooeecce 25.0 
me No. 9% ? Tale .. 15.0 
Silica ... . 67.0 No. 10 
tetraethy] silicate 8 vol} mate — 
Silica ; : 90.0 
water 1 vol : 
ye } | Ee ee 6.0 
Liquid ....... trseeeees 33.0 Monobasic ammonium phosphate 3.0 
{ alcohol ; * cee Monobasic sodium phosphate .. 1.0 
[hydrochloric acid Liquid—water or 10 per cent 


(few drops) hydrochloric or nitric acid 


NOTES: Numbers of above formulas refer to type. 

Formulas 1 to 3 are old types of dental investment of low expansion 

Formulas 4 to 6 are new types dental investment of high expansion. 

Formulas 7 and 8 are mixtures for plaster casting. Formulas 9 and 10 are 
investments for stainless high fusing alloys. 











Fig. 23 
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Pusher type preheating furnace for firing mold. 


Fig. 24—Push through tube furnace for firing mold. 














1400 5 T it ES TE T 7T cr 
b+-—___ + | 
1300 } T ~ + + + $+} ——+ 
TEMPERATURE IN CENTER OF 
4" DIAMETER MOLO 
1200 } T _ + +— + —_—_+—— + 4 
| | 
uw \ | | 
* 1100} + + aN 4 a SS 
” | | 
“ \ 
” 
< | | \ 
4 1000 if T + + + + + $$$ $$$} 
we | 
a ' 
© ‘ 
900 r , + + + * + ee 
3 TEMPERATURE } " FROM EDGE \ 
> F 4” DIAMETER MOLO > 
- | \ 
= 800 r t + + + + ae 
ul \ 
a 
= . 
w 700} . + + +——______+ . ae 
- 
600 |} T t . ; > + —+—_———__——_+} 
500 } 4 } } 4 + 4 ee 
400 | b L 1 a | — 
1) 2 3 a 5 6 7 8 
MINUTES 


TIME AFTER REMOVING FLASKS FROM FURNACE 


Fig. 25 
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Temperature decrease in Kerr casting flasks 


upon removal from furnace. 
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hence considerable time and fuel is wasted in he 
and cooling the furnace. The refractory life is less 
because of the temperature variations. These fur: 









may be heated by gas, oil, or electricity. 

The second method is the continuous or pushe1 
furnace. This is the ideal production furnace it 
sizes of the molds do not vary too much. If produ 
is sufficiently high this furnace will operate 24 ho 
day with no loss of time for cooling or loading 
cold molds are loaded at one end, progress throug 
furnace in three to five hours, and emerge at ca 
temperature. The big disadvantage of this furnace js 
that it cannot handle mixed molds varying great} 
size, because the heating cycle cannot be varied ea: 

It is obvious that it requires more time to raise an § 
square mold to 1800° F. than it does a 4-in. squa 
mold. Hence, the most ideal setup for a productior 
shop would be a pusher type furnace with two or thre: 
batch furnaces as auxiliaries. 

Figure 23 shows a gas fired pusher type furnace used 
very successfully. The pushing arm is pneumaticall; 
operated. Figure 24 shows a specialized type of furna: 
which is somewhat on the conveyor type except th 
small sizes of molds allow the operator to push th 
through. 

When the molds are up to temperature they should 
be cast immediately upon removal from the furnac 
Figure 25 illustrates the difference in temperature bi 
tween the center and 14 in. from the surface of the mold 
during an interval of 8 min. exposure to the air. Ri 
calling the results obtained by too rapid heating during § 


the rapid expansion stage of the cycle, the same results 
can be obtained through rapid cooling. Stresses are set pres 
up due to the contraction of the outer portion of tl first 
mold resulting in cracking of spalling. Hence it is im vy] 
portant to cast within a minute or two after remova how 
from the furnace. bott 
Abo: 





Fig. 26—Blow-pipe type of metal melting. g 
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ire some instances, however, when it is neces- 


ol the mold to a lower temperature. Some of 


























ferrous metals cannot be poured at high tem- 

s. so that it may be necessary to cool the mold 
than 400° F. In this case due allowance must be 
w the shrinkage by cooling the mold slowly to 
the temperature gradient as much as possible. 


ind Casting 


irliest castings of the dental industry were 
by melting with a blow pipe. Many dental and 
welry castings are still made this way. Figure 
strates the blow pipe type of melting, using a 
type centrifugal casting machine. This melting 
only for a very small melt and for metals which 
readily pick up gases from the flame. 
ally, the metal can be melted in any one of 
nventional methods, or in any of the specialized 
machines, developed for this industry. Figure 
vs crucible melting which may be done in eithet 
lectric furnaces. In this case the metal is poured 
he crucible either into the mold or into the cast- 
ichine. Figure 28 shows melting by high fre 
This, of course, has the advantage of accurate 
and high temperature metals can easily be 





In any method of melting, good metallurgical 
ure should always be followed, such as control Fig. 28—Pouring molten metal into mold from high 
iosphere, introduction of inert gases, and othet jrequency electric furnace. 
nized good procedure. 

actual casting of the mold varies greatly from 

» shop. In some cases the molds are poured static 
in other instances centrifugal casting machines, ait 
re machines, or vacuum machines are used. The 

ntal castings were made in pressure machines; 
pressure we mean air or gas pressure. Figure 29 

ws an air pressure machine with an air tank on the 
bottom, and a hand pump for pumping up the pressure. 
\bout 40 psi pressure was produced by this machine. 








Fig. 29—Air pressure casting machine. 





Fig. 27~Melting metal in crucible. Fig. 30—Second type of air pressure casting mac hine. 
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The mold is placed upright on the platform, metal 
melted on top of the investment, and machine closed, 
causing the cap to seal on top of the flask, at the same 
time allowing the valve to open allowing the air pres- 
sure to act on the molten metal forcing it into the mold. 

Figure 30 shows another type of air pressure machine 
using air directly from the air line, giving up to 100 
psi pressure. The machine is more automatic in opera- 
tion. As soon as the metal is melted, the arm is swung 
over to automatically drop the cap into position, open- 
ing the air valve. 

Of course, in any type of pressure machine, a good 
seal must be maintained between the flask and the 
source of pressure, and in large diameter molds, this 
seal is a problem, because as the area increases, the 
amount of force necessary to keep the cap clamped onto 
the flask also increases, and very high pressures may 
be necessary. For this reason, in large castings, only 
a very low gas pressure is used. 

Figure 31 shows another type of machine using air 
pressure. In this case the metal is melted in the crucible, 
completely enclosed and melted by an arc. A small 
opening leads to the top of the enclosure and the mold 
is clamped in an inverted position at the top of the 
enclosed crucible. When the metal is melted, the whole 





























































































































device is inverted, the metal runs down the small lead ig 
Fig. 32—Vacuum type casting machine. ~ 

ae unt 

fille 

to the mold and air or gas pressure is introduced behind the 

the metal completing the casting. Three to fifty pounds the 

» would probably be the maximum amount of pressure will 

' used in this type of machine. off-t 

In Fig. 32 we have a machine employing vacuum in caus 

the casting. Of course this can be used in combination brol 

ae with air or gas pressure on top. Obviously air pres C 
sure makes the casting, because when the vacuum is caus 

created, the atmospheric pressure forces the metal into ble 

a place. We have a maximum pressure of say 14 psi As 3 
Oo Here again a good seal must be obtained. casti 

\ J | The second type of machine to be used is the centri! inve 
ugal casting machine. Figure 33 shows a dental type ot than 

machine, in which very small castings may be mad there 

The large arm with a jointed secondary arm attached J [na 

oh =o to it is spun by spring pressure, the metal being thrown P all ti 
from the crucible into the mold. A motor may be sub- Fig 

stituted for the spring pressure. ; tubu 

Figure 34 shows a very common type of production JR ching 
Ms centrifugal casting machine. In this case, the crucibl it rot 

° ° is located in the center and usually four or more molds mold 
So are placed around the crucible. The whole device cap ti 

spins, and as it is spinning the metal is poured into the to co 

crucible and from the crucible it is thrown out into the mach 

mold. Now this may seem like a very logical way o! Th 

centrifugal casting, but it has many disadvantages. the fi 

In the first place, a tight seal must be obtained be- tube 
tween the crucible and the flask, otherwise meta! will gis o 

escape. Secondly, as the machine is loaded, the flasks from 
cool rather rapidly and a careless workman could allow that a 
them to cool considerably causing inaccuracy in dimen tinues 

US PATENT NO 21 sions. It is usually rather difficult to get these :nolds force 

125,080 : WN ; 

into place without jarring them, and damage to te turbay 


Fig. 31—Third type of air pressure casting machine. investment may result. Finally, it is almost impossible castin 
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In some machine shops no casting machines of any 
sort are used. These shops depend upon the static pres 
sure of the metal to complete the casting and to feed 
the shrinkage. 


10. Cleaning 


g and Surface Treating 

When the molds are cold the castings are knocked 
out and cut off from the sprues. The gates are cut down 
flush with the castings according to accepted foundry 
practice. After the gates are cut off and ground the 
surface of the castings is frequently treated in ordet 
to give a better appearance. This is done by either 
treating with a very fine sand blast, tumbling, or wheel 
abrating. 

Ill. PLANT Layout 


Since precision casting is a tool, in fact a precision 
tool, it should not be entered into with little capital 
Like all precision work, a well equipped plant is neces 
sary. By well equipped, we mean the plant must not 
only have proper machinery and personnel for making 
castings, but should also have a good engineering de 
partment, a good estimating department, proper cost 


accounting personnel, and at least one experienced 
j metallurgist. It has been estimated that even for a small 
| Dental type centrifugal casting machine. plant, the instailation cost would be $25,000 to $50,000 


and at least that amount in working capital. 


; ; Many of the troubles of precision casters are traceable 
ince this type of casting machine because of the 


inequal speed with which the four molds are usually 
| due to the way the metal is poured, the shape of 
crucible, and the fact that usually the cavities of 
four molds are not exactly the same, and more metal 
enter one than the others. This throws the machine 
f-balance, causes vibration, and the vibration may IV. Desicn Factors 
ise hot tears in the casting, as well as dirt from the 


to firms that have tried to get along on a shoe string 
and have not done true precision work. Many of them 
were doing little better than glorified sand casting. 

Figure 36 shows a typical flow sheet with the layout 
of most of the equipment required. 
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It is not possible at present to set forth definite formu- 
las for casting design. It is, however, possible to state 
that castings made in conformity with certain basic 
principles will be capable of economical production. 

The first basic principle is; the piece should be de- 
signed so that progressive solidification can take place. 
his means that the casting section should be so pro- 


oken parts of the mold. 
Centrifugal casting machines are used primarily be 
iuse higher pressure can be developed than are possi- 
ble in the air or gas type pressure machines available. 
\s a matter of fact, the pressure in any centrifugal 
casting machine is limited only by the strength of the 
investment. Also the force is in the metal itself rather 
1 than being applied from behind, so that as long as 
there is molten metal there is pressure being applied. 
ed In a pressure type casting if a leak should occur then 
wn all the pressure would be lost. 
1D Figure 35 shows a schematic diagram of a vertical 
tubular type of a production centrifugal casting ma- 
hine. Here we have a tube with a shaft around which 
it rotates; b is a crucible full of molten metal, a is a 
mold inverted on top of the crucible, c is the retaining 
ict cap to hold the mold in place, f is an adjustable weight 
to counter-balance the crucible and mold so that the 
ichine will be in balance. 
‘his machine operates by revolving, and obviously 
first action is not centrifugal but pouring as the 
, tube inverts. In other words, t goes down to where 





vii Hi gis on the first half revolution. The metal is poured 
sks 9 from the crucible b into the opening of the mold a so 
ow #® that a very gentle action is obtained. As the tube con- 
en- tinues to revolve and picks up speed, the centrifugal 
Ids force is brought to bear with the least possible dis- 


t turbance to the metal. The result, of course, is a sound 
ble Hi casting with no vibration. Fig. 34—Commercial type centrifugal casting machine. 
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portioned that the sections most distant from the point 
where the casting is to be fed, will solidify first, with the 
solidification progressing toward the gate or risers 
where the hottest metal is located. With this in mind, 
the designer should be extremely hesitant to isolate 
any appreciably heavy sections or locate them where 
they cannot be adequately fed, since the use of chills, 
or any other such artifices, as are commonly used in the 
regular foundries, are either difficult or impossible to 
use in the lost wax process. Further discussion on this 
problem will be found in the section covering metal- 
lurgical problems. 

The second basic pronciple to be observed is the 
linear shrinkage or the contraction occurring during 
cooling from the solidification temperature to room 
temperature. This is the contraction that ordinarily 
is compensated for by the pattern makers shrinkage 
allowance. Casting should be so designed that essential 
mold rigidity and resistance due to irregular casting 
shapes will not result in severe contraction stresses 
which, due to the different cooling rates of thin and 
heavy sections could easily result in hot tears or severe 
residual stresses. 

The best practice in designing castings is to use the 
minimum section thickness that will provide the neces- 
sary strength. These sections must not, however, be so 
thin as to cause difficulty in filling out the casting. The 
excessive temperatures required in this case will cause 
poor physical properties. 

The best time to think about utilizing the precision 
investment casting process is before the piece is on the 
drafting board. When it is in the planning stage, a 
part can be modified to fit whatever production method 
is selected for it. Changes leading to reduction in cost 
and improvement in its performance are easier to make. 
Since the same laws of physical metallurgy which apply 
to large castings, apply to precision castings, it is a good 
idea to make the drawing 5 or 10 times actual size and 
treat the part just as you would treat a large casting. 
Design it into the strongest and lightest weight and 
thinnest section casting adequate for its service factors, 
using ribs, fillets, and all other strengthening design 
members in it. 

Since the cost of the materials is almost negligible, 
the piece should be designed so as to utilize the strong- 
est obtainable alloys, or the corrosion and abrasion 
resistant factors of the most resistant metals in accord- 
ance with the service conditions which the piece is to 
meet. It is also a good policy to draw in the gating 
system on the enlarged print, since the gating and riser- 
ing problems of precision casting are almost identical 
to those of the larger castings. 

When the enlarged drawing appears to be satisfac- 
tory, it should be reduced to actual size and rechecked 
to make sure that the casting is within the limitations 
of the process. If found to be outside of those limita- 
tions of the contracting shop, the drawing should be 
corrected. Following this procedure, anyone who can 
design for regular castings, can probably design for 
precision casting. 

At the present time the average shop seems to be set 
up to cast no dimensions larger than 5 in., no weight 
of a single casting greater than 5 lb., and no section 
continuously thicker than 14 in. or thinner than 0.030 
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Fig. 35—Vertical tubular type centrifugal casting ma- 
chine. 


in. The typical precision investment casting weighs }/, 
Ib. or less, has no dimension longer than 2 in., and has 
no thickness greater than 14 in. Prices per piece or per 
lb. of completed castings seem to be lowest in this 
range, the price rising out of proportion to the increas¢ 
in size in larger pieces. The dimensions given above 
are by no means the limit since many larger castings 
are being made. 

There has been considerable misunderstanding as to 
the thickness of section which is castable by this process 
Briefly, it can be stated that sections 0.25 in. long x 0.125 
in. wide have been cast 0.005 in. thick. Sections | in 
long x | in. wide have been cast 0.025 in. thick. Sec 
tions 0.040 in. thick seem to be castable to any length 
and width that the investment flask will take. When 
section is not a continuous thickness, but is in successive 
gradient of thickness, it is practical to bring the thin 
nest edge down to 0.015 in. or even less. The steam 
turbine blade is a good example of this. 

Holes, recesses, and chambers of almost any size and 
shape can be cast as long as the pins or loose pieces 





Be Pibce 2 








cal 
dor 
by 
prc 
101 
at | 
kee 
sup 
extt 
cast 
thai 
acct 
gen 
0.00 
toul 
it 1S 
T 
cont 
Dim 
matt 
dime 
finis. 
prin 
tools 
wary 
not ft 
ing « 
Tl 


ing j 








st AND R. M. Kerr, JR. 









JVESTMENT 
BLENDER 






























































7 INVESTING DEWAXING CLEAN 
TABL IN 
— ASSEMBLY . Oven = 
as a | | | 
PATIERNS WAX DIP SETUP INVESTMENT VIBRATING BAKING INDUCTION INSPECTION 
DIES INJECTION COATING MIXER TABLE OVEN MELTING FURNACES 








Flow sheet for production of precision invest- 
ment castings. 


be removed from the wax pattern. Small holes 
n to 0,050 in. diameter can be cored into castings 
almost any shop. , Even smaller diameters can be 
produced, depending upon their lengths, their loca- 
tions, their depths, and whether or not they are open 
at both ends so the tiny rods of investment, which will 
keep them open as the castings are poured, will be 

pported at both ends. Threads, either internal or 
external can be cast, although it is rather difficult to 
cast threads less than 12 threads per inch, or smaller 
than 14 in. thick at the roots. Very seldom are there 
accuracies closer than a Class 2 fit. Since the process is 
generally limited to accuracy in order of plus or minus 
0.003 in. per inch of dimension, it is easier to cast con- 
tours of thread, and of gear teeth of similar shape than 
it is to hold their accuracy. 

There seems to be little doubt as to the details of 
contours and finishes which this process can produce. 
Dimensional accuracy of these contours is another 
matter, however, accuracy can be of several kinds, 
dimensional, parallel, angular, contour, and surface 

Since most of the accuracies on current blue- 
prints are those to which the highly accurate machine 
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finish. 


The of the 
whole process would work out to “as cast’”’ tolerances 
of 003 in. to + .006 in. per inch with plus or minus 
0.001 in. on the small dimensions the very finest toler- 


ance, but with plus or minus 0.0005 in. or even 0.00025 


precision caster must answer. average 


du 


in. obtainable on some dimensions made of certain 
alloys. The non-ferrous alloys generally seem to be 
castable to finer tolerances than the ferrous alloys. No 
tolerance finer than plus or minus 0.003 in. should be 
demanded unless there is a compelling reason for it. 
If a blueprint calls for a few very close tolerances that 
cannot be held during the casting operation, a second- 
ary operation migh be feasible and still make the cast 
ing economically profitable. 

An important factor in considering tolerances is the 
factor called size relation. Figure 37 showed two simple 
geometric figures, a l-in. cube and a 12-in. bar. Nor- 
mally, in machining, it would be just as easy to hold a 
tolerance of plus or minus 0.010 in. on either one of 
these figures, but in casting it is not. Let us assume 
that the metal we are to cast has a 2 per cent shrinkage 
and no provision is made for this shrinkage in the cast- 
ing. If the 12-in. piece would shrink 0.240 the 1-in. 
piece would shrink 0.020, so it is going to be a much 
more difficult task to hold the tolerances on the long 
piece than it is on the short piece. This is what we 
mean by size relationship. Figure 38 illustrates this 
same relationship. Dimension A would present no 
problem since it is very small. Dimension B would, 
however, and so would the other dimensions on this 
piece. This is because the blueprint states “unless 
otherwise shown, tolerances on decimal dimensions are 
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Fig. 38 — Dimensional tolerances (unless otherwise 
shown, tolerances on fractional dimensions are + 0.010). 
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plus or minus 0.010 in. That is easy to hold on dimen- 
sion A, very difficult on B, so that if one can allow 
greater tolerances on B, be sure and indicate that to 
precision casting plant. If close tolerances are neces- 
sary in B, expect higher castings costs than if they are 


not. 


V. METALLURGICAL AND FouNnpRY FAcTors AFFECTING 
DESIGN 

Probably one of the most important metallurgical 
problems is the determining of the proper gating sys- 
tem for the casting. This problem is very complicated 
in some cases, especially if wax is used as an expendable 
pattern. What frequently may be the most ideal gating 
system as far as solidification of the metal is concerned, 
may be entirely impractical as far as assembling the wax 
patterns and the investing is concerned. One of the 
chief disadvantages of using wax as a pattern material 
is its fragility. If investments requiring vibrating in 
order to secure a pack are used, it is quite necessary 
that the wax assembly be very substantial to resist the 
tendency to break during the vibrating period; hence, 
many types of bottom gating and small gates are not 
practical because they are not strong enough in the wax 
assembly. If an investment requiring vibration to elim- 
inate air and provide the necessary packing is used, it 
is necessary to arrange the pattern in the mold so as 
to avoid entrapping any air which might rise from the 
mixture. This positioning in the mold frequently 
forces the metallurgist to compromise on his gating 
system. 

The most important function of the gating system 
is to provide entry for the metal into the mold so that 
the progressive solidification can take place. The metal 
in the farthest part of the casting should solidify first 
and then solidify progressively toward the gate so that 
any porosity due to shrinkage will be confined to the 
gates and risers rather than in the casting. If the metal 
is fed through a thin section into a thick section, the 
thin section would solidify first leaving nothing for the 
thick section to draw from, hence the thick section 
would be porous. Therefore, the thick section should 
be closest to the gate or to the sprue. If this is impossi- 
ble, blind buttons or risers should be placed on the 
heavy portion. The gates into the casting should be 
as short and bulky as possible so that they will solidify 
last producing a solid casting. One of the great advan- 
tages of this process is that almost any metal which is 
castable can be cast into one or more of the molds em- 
ployed by the process. 

There are some problems, however, which are not 
found in other methods of casting which must be 
watched. First of these is that certain metals attack 
the surface of the molds. Those molds containing con- 
siderable amounts of plaster are frequently attacked by 
metals containing more than 5 per cent lead. A lead 
sulphide film is formed on the surface of the casting 
which, when sand blasted off, leaves a relatively rough 
finish. Some of the low alloy, low carbon steels such 
as SAE-1010, or SAE-1020 also frequently attack the 
surface of the mold resulting in a pitted and very ir- 
regular surface. It appears that the addition of only 
1 or 2 per cent alloys to this steel alleviates this condi- 
tion permitting the obtaining of a fine surface. The 
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surface of the mold is also attacked by some waxes and 
any quantity of iron in the alloy will be badly attackeq 
by sulphur if investment contains plaster. Pouring: a; 
extremely high temperature also results in a pitted and 
slagged mold surface due to the fusing in of the mold 
surface to the casting. 

In some cases the slow cooling of the mold also pro. 
duces a problem. This slow cooling results in a very 
coarse grain structure of the metals, and in cases where 
a fine grain structure is necessary, additional heat 
treatments such as normalizing are required, in order 
to refine the grain size. 

Another factor which must be dealt with, when using 
metals dependent upon carbon to produce hardness, 
is the decarburized layer of the surface of the casting. 
This decarburized layer may be anywhere from ().005 
in. to 0.020 in. in depth. There are several ways to 
overcome this problem. The first is to inject an inert 
gas or a reducing gas into the mold just prior to the 
pouring operation. The second method is to restore 
the carbon in the decarburized layer of the casting, 
either in a salt bath or by some carburizing treatment 
If the casting is to be machined it is also possible that 
the decarburized layer may be removed during the ma- 
chining operation. . 


VI. DEsIGn 

In the next three figures we wish to discuss the feasi- 
bility of casting three different types of parts. Figure 
39 shows a part which was normally made on a screw 
machine with a secondary drilling operation. In any 
sizeable production, that would not be a feasible pre- 
cision casting proposition, because it could be turned 
out very cheaply by a screw machine operation, but if 
you wanted 50 of them, you might do them more 
cheaply by precision casting using a soft metal die, 
rather than to take up the time to set up a hand screw 
machine or lathe. So, for a limited production or model 
making a sample to try out a new design, precision 
casting would be satisfactory. The cheapest method 
with any sizeable production quantity would be on the 
screw machine. Figure 40 shows a forging and a screw 
machine part. Precision casting would not make the 
forging cheaper, except in very limited production. 
The screw machine parts obviously, could not be made 
cheaper except in very limited production. However, 
if the two were combined and cast in one piece, there 
is a possibility of making the piece more cheaply by 
precision casting than by the combination of forging 
and screw machine parts. Hence, it might be possible 
to make this part cheaper by precision casting, simply 
because of eliminating assembly operation (Fig. 4!). 





Fig. 39—Precision casting replacing machined part. 
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F {0—Forging and screw machine part. 


Figure 42 shows an agitator vane and clamp for a 
paper stock pump, which is ideal as a precision casting, 
either in small or large quantities. According to the 
design of the vane, it is obvious that to machine these 
splines would be a costly operation, even in fairly high 
production. As a precision casting, the two parts can 
be fitted with no machine operations at all. 


VII. SUMMARY 


To summarize, precision casting is an ideal process 
for producing intricate parts in either small or large 
quantities, with smooth surfaces, with metal and physi- 
cal properties characteristics equivalent to machined 
parts, and to fairly close tolerances. It is especially use- 
ful in the higher temperature metals such as steel, and 
the refractory metals used in the gas turbine and jet 
turbine fields. The harder the metal the more advan- 
tageous is the application of precision casting. Like- 
wise, the more machine operations which can be elimi- 
nated, the more advantageous is the application of 
precision casting. It is not an inexpensive process such 
as die casting. 

Remember that in die casting, the die casting plant 
has the casting completed in the same manner of steps 
as the precision plant takes to make a wax pattern. A 
precision caster injects wax into a metal mold and then 
starts from there. A die caster injects metal into a metal 
mold and the casting is completed. Precision casting 
can handle practically any metal that can be cast at all, 
and handles with ease metals that are difficult or even 
impossible to fabricate economically by other methods. 
[t is not a process that just anyone can operate, either 
in his garage or in a factory. In order to produce quan- 
tities of precision parts, elaborate and expensive con- 
‘rols must be set up and maintained. It is these con- 
‘rols which account for the major portion of the costs 
on precision castings. 


Fig. 41—Components in Fig. 40 made integrally by 
precision casting. 
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PRODUCTION OF CARBON AND ALLOY STEELS 


BY THE SIDE-BLOWN CONVERTER PROCESS 


F. Cousans 
Hadfields, Limited 
Sheffield, England 


‘THE PAST FEW YEARS HAVE WITNESSED a marked 
revival of interest in the side-blown converter method 
of steel making, and much research and development 
work has been carried out. In the years just prior to the 
war, steel founders in the United Kingdom were able 
to give special attention to the equipment of their 
foundries. Several steel foundries replaced their old 
side-blown converters with better plants of modern de- 
sign and construction, and thought was given to possi- 
ble improvements in operating technique. 

Little reliable information on the side-blown con- 
verter process was to be found in the technical press, 
and, in consequence, a fresh approach was made. A 
serious shortage of hematite pig irun and the necessity 
for the utmost economy in the use of imported ferro- 
silicon during the war stimulated more general interest 
by all converter users in the possible improvements and 
economies in operation. The use of the immersion 
pyrometer for the determination of the bath tempera- 
ture of liquid steel has proved to be of great assistance 
in the recent development work. 


Molten Metal for Subsequent Conversion 


Hot molten metal of regular chemical composition 
is essential for the successful production of steel by the 
side-blown converter process. The cupola is the normal 
melting unit employed, and in a general way the melt- 
ing practice calls for little comment. The cupola charge 
normally consists of hematite pig iron and steel scrap. 
A scrap content of 60 per cent was, until recently, looked 
upon as a good figure, but now figures of 80 or even 
100 per cent (where the plant is suitable) are being 
obtained. 

Where high scrap charges are used, it is desirable 
to deepen the well of the cupola in order that metal 
of an adequate carbon content be obtained; the need 
for a high carbon content will be explained later. 
Higher sulphurs may result from a deepening of the 
well, but this can be remedied by desulphurizing by the 
sodium carbonate process. 

Double desulphurizing reduces the sulphur content 
to very low limits, and figures of 0.010 to 0.015 per cent 
have been obtained in this way. The normal silicon 
of cupola melted metal for converter use is approxi- 
mately 1.5 per cent, but recent research has demon- 
strated that a much lower figure can be worked to with 
satisfactory results. 

For many years P. C. Fassotte (who is well known 
among American and British steel founders) has 





NOTE: Official exchange paper to the American Foundrymen’s 
Association from The Institute of British Foundrymen, 1947. 


stressed the importance of carbon in obtaining a satis. 
factory temperature increment during conversion of 
metal into steel in the side-blown Bessemer process, and 
during the last war important plants were laid down in 
Great Britain which made use of this important [unc. 
tion of carbon. 

Steel scrap charges were melted in cupolas, and the 
extremely low-silicon molten metal after desulphuriza. 
tion was transferred to pulverized-coal-fired rotary fur. 
naces. The metal was superheated to approximately 
1,500 C, and was then transferred to side-blown con. 
verters. The resultant blows gave satisfactory tempera- 
ture increments and the steel produced was of high 
quality and fluidity, and was suitable for the mass pro- 
duction of light, thin walled steel castings. 

In the orthodox operation, molten metal at a tem- 
perature of 1,250 to 1,350 C, containing approximate 
percentages of C, 3.00 to 3.50; Si, 1.50; Mn, 0.50, is used 
in the converter. The oxygen of the blast, which im 
pinges on the surface of the metal, reacts with the metal 
according to the laws (a) mass and (b) chemical affin- 
ity. As soon as the blast is put on, heavy brown fume; 
of iron oxide are seen leaving the mouth of the con- 
verter along with metal projections. 


Conversion Process 


Iron oxide formed on the surface of metal then react: 
with silicon, manganese and carbon according to their 
relative chemical affinities at the temperature prevail 
ing. The slag which is first formed is high in iron oxide, 
but it becomes increasingly silicious as the blow pro 
ceeds, and the iron oxide (FeO) in the slag at the end 
of the blow is generally within the range 20 to 25 per 
cent. The normal blow lasts 15 to 18 min. 

In the case of the Fassotte operation, which only lasts 
9 to 12 min, the molten metal at a temperature of 1,45! 
to 1,500 C and containing C, 3.00, Si, 2.4, Mn, 0.50 per 
cent, reacts immediately with the oxygen of the blast 
forming excess iron oxide which escapes as fume, the 
remainder reacting immediately with the carbon. The 
small percentage of silicon present is insufficient to 
provide silicon to form a slag, and unless precautions 
are taken the free iron oxide rapidly attacks the con- 
verter lining materials. Silica sand thrown on the sur 
face of the metal prior to putting on the blast provides 
the free iron oxide with silica with which to combine 


The temperature increment obtained from a norma § 


blow (1.5 per cent silicon metal) generally is 350 
450 C, whereas in the case of the low-silicon iron it 
generally averages 200 C. It is obvious that the mod: 
fied blowing procedure using superheated low-silicon 
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| is more economical owing to the saving in silicon, 
e duration of the blows and in lower chemical and 
:nical losses. For plant reasons many founders 
inable to take advantage of these potential savings, 
it has been found possible even when using ordi- 
cupola melted metal to work with lower silicons in 
metal than are generally used and still produce hot 
steel of high quality. 

In the case of cupola melted metal poured to and 
he converter at a temperature of 1,250 to 1,350 C, it 
id appear that the function of the silicon is that 

, kindling agent, the heat produced by its oxidation 
es the bath temperature to that at which the carbon 

ction commences. It therefore needs to be deter- 

ned what percentage of silicon is essential to give the 
perature increment necessary to allow the carbon 

reactions to proceed. The results of the following ex- 

riment may be of assistance in this connection. 

\ blow of 48 cwt was stopped after 8 min and the 

changes in the chemical composition and temperature 

were noted. The heat was poured into a ladle and al- 
lowed to cool to 1,460 C. The metal, after a slagging, 
was poured back into the vessel and the blow recom- 
menced. The bath lit off immediately, blew steadily 
and finished in a normal manner. The heat was slagged, 
the ferro alloys were added and the steel cast quite 
satisfactorily from a stoppered ladle. The chemical 
changes are shown in Table I. 


Temperature Increment 

It will be seen that in general terms and under the 
conditions of the experiment, the oxidation of 0.90 
per cent silicon, etc., gave an initial temperature incre- 
ment of 190 to 200 C, and from 2.50 per cent carbon a 
further increment of 180 C was obtained. The reason 
why the qualification “under the conditions of the 
experiment” has been made is that the test was made in 
a plant where the volume of air per minute to the 
converter was less than that generally used. 

It was found possible to check over these results in 
a different plant and in a modified form. A series of 
heats was blown in an acid-lined side-blown converter 
and the metal and temperature changes were noted. 
A fresh series was blown for 3 min, and the original 
metal composition and temperature together with slag 
and metal compositions and bath temperature after the 
3-min blow were noted. A further series was blown for 
6 min and similar data obtained. A series of 9 and 12 
min and end of blow determinations were also made. 
A study of the data obtained reveals the general infor- 
mation shown in Table 2. 

It will be noted that the rate of temperature change 
is highest during the second 3 min of the blows, and 
thereafter tends to fall off rather sharply. The rate 
of oxidation of silicon is reasonably uniform over the 
first 6 min, whereas the rate of oxidation of carbon is 
highest at about 9 min of blowing. Heats of metal of 
the chemical composition and weight given above gen- 
erally finish in approximately 15 min blowing time, 
and during the blows a temperature increment of 360 
to 370 C is obtained. 

A study of the foregoing results again demonstrates 
the economy in the use of silicon and of reduction in 
blowing time that can be effected if cupola metal of 
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Taste |—CuHemicat CHANGES IN EXPERIMENTAL BLOW 
Elements, per cent 

c gg S p Mn 

Metal in wuntl. fens 3 16 : 1.03 1.034 0.033 0.43 


Metal after 8-min blow 2.56 0.14 0.033 0.035 0.14 
Losses. . 0.60 0.89 — 0.29 

(Increase in temperature, 195C) 
Metal poured to vessel 


and blow recommenced 2.56 0.14 0.033 0.035 0.14 
End of blow 3 min later 0.08 0.05 . - —- 0.04 
Losses. .. 2.48 0.09 - —— 0.10 


(Increase in temperature, 180C) 





high initial temperature be used, and the results also 
demonstrate that lower silicons in the bath than are 
generally used can give good temperature increments. 

It should be the aim of side-blown converter users to 
bring down metal in the cupola of standard chemical 
composition and of as high a temperature as possible. 
If the metal temperature be determined by means of 
an immersion pyrometer it should be possible, knowing 
the chemical composition of the metal, to predict the 
final bath temperature at the completion of the blow. 

This makes possible the production of standard tem- 
perature steel by the side-blown converter process. If 
it should be necessary to obtain temperature increments 
higher than normal, controlled additions of ferrosilicon 
(based on metal composition and weight) can be made 
during the correct part of the blow, or by addition to 
the bath prior to putting on the blast. 

During the past few years efforts have been made to 
use photoelectric cell control units to determine the 
end point of heats made by the side-blown converter 
process.? The quality of product made by the process 


TABLE 2—SECOND EXPERIMENT 





Weight of metal blown: 45 cwt (approx.) 
Initial composition of metal blown: C, 3.00 to 3.20; Si, 0.70 to 0.90; 
Mn, 0.40 to 0.60. 
Temperature of bath, 1,240 to 1,280 C 


After 3 min blowing: 2,500 cu ft free air per min (approx.) 
Composition of metal: C, 3.00 to 3.30; Si, 0.35 to 0.40; Mn, 0.25 
to 0.30. 
Composition of slag: SiO,, 37 to 47; FeO, 40 to 45, 
MnO, 9 to 12 per cent. 
Temperature increment: 80 to 105 C 


After 6 min blowing: 2,000 cu ft free air per min (approx.) 
Composition of metal: C, 2.60 to 2.70; Si, 0.10 to 0.15; Mn, 0.07 
to 0.10 per cent 
Composition of slag; SiO,, 35 to 40 per cent; FeO 42 to 46 per 
cent; MnO, 9 to II per cent 
Temperature increment: 250 to 260 C 


After 9 min blowing: 2,500 cu ft of free air per min (approx.) 
Composition of metal: C, 1.50 to 1.70; Si, 0.05 to 0.10; Mn, 0.04 
to 0.08 per cent 
Composition of slag: SiO,, 50 to 55; FeO, 30 to 35; 
MnO, 10 to Il per cent 
Temperature increment: 275 to 305 C 


After 12 min blowing: 2,000 cu ft of free air per min 
Composition of metal: C, 1.15 to 1.35; Si, 0.05 to 0.10; Mn, 0.08 
to 0.08 per cent 
Composition of slag: SiO, 54 to 58; FeO, 26 to 30; 
MnO, 9 to II per cent 
Temperature increment: 315 to 330 C 
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TasLe 3—COMPOSITION AND INCLUSION COUNTS OF THE 
CONVERTER STEEL 





Chemical Analyses, per cent 

















1 2 3 4 5 6 7 8 
& 0.225 0.20 0.21 0.20 0.20 0.20 0.215 0.20 
Si 0.37 0.33 0.38 0.34 0.38 0.35 0.38 0.36 
Mn 0.94 0.86 0.90 0.85 0.99 0.86 0.82 0.85 


S 0.036 0.033 0.035 0.042 0.029 0.037 0.034 0.028 

P 0.043 0.045 0.042 0.042 0.042 0.051 0.040 0.041 
Inclusion Counts (Fox Method): 

88 78 72 87 67 85 77 
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depends broadly upon two factors—the working tem- 
perature and the skill of the operator in turning heats 
down at the proper time. 

If heats be turned down too early incorrect carbon 
results may be obtained, and if too late excessive losses 
of ferro alloys occur during deoxidation. A series of 
heats was blown and the end point of the heats was 
determined by a photoelectric cell with a series of fil- 
ters. A statistical study of the carbons in the blown 
metals was made, and it can be stated that the use of 
photoelectric cell control offers distinct possibilities of 
success in giving uniform chemical composition in the 
bath at the end of the blow. The British Iron and Steel 
Research Association has a comprehensive program of 
work in hand in this connection. 

There are also indications of a relationship between 
the bath temperature and the intensity of the flame. It 
has been found necessary in connection with this inves- 
tigation to maintain a close control over the size of the 
vessel mouth, and within the range of bath temperature 
of 1,640 to 1,700 C (immersion readings) the cell fitted 
with a red filter has given deflection readings of 2.1 to 
3.1, and on plotting the results almost a straight line 
relationship has been noted. The work should be con- 
tinued with a complete range of filters and it is hoped, 
in due course, to submit further details of the results. 


Degree of Control 

The side-blown converter process is capable of pro- 
ducing regularly steel heats of uniform chemical com- 
position, temperature and fluidity. Statistical studies 
of the chemical analysis of steel made by this process 
have demonstrated that, as far as carbon content is 
concerned, it is possible to obtain as uniform results 
as those of any other steelmaking process. 

Figures for silicon and manganese are not as good 
unless the slag formed as the result of the conversion 
operation is removed before the alloys are added. It is 
realized that the slagging operation is an additional 
one, but, bearing in mind the economy in the use of 
ferro alloys for deoxidation when this is done, the extra 
work is fully justified. 

Heats of steel which have been so handled reveal 
close control over silicon and manganese contents in 
the finished product. It is, of course, essential to weigh 
all metal prior to charging to the converter, and it is 
desirable to weigh all liquid steel produced. This gives 
a clear picture of blowing losses, and in this connection 
losses of from 7.0 to 8.0 per cent are being obtained 
regularly. In considering this problem of losses it is 
necessary to consider the causes, (a) chemical and (b) 
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mechanical. With cupola metal of C, 3.0, Si, 0.8 ang 
Mn, 0.5 per cent, there is a chemical loss of 4.3 per cent 
without taking losses of iron due to oxidation into 
account. 

If hot metal be used the use of low-silicon iron he! 
reduce the chemical losses to a minimum. The design 
of the converter has an important bearing upon the 
problem of mechanical losses. Experience has shown 
that a long converter body with a small mouth helps to 
keep the mechanical losses at a low figure. 

Some of the metal which might be projected from the 
converter as the result of the impingement of the blast 
upon the metal surface falls back into the vessel if a 
small mouth be used. In blowing low-silicon irons it 
has been found advantageous to add silica sand on the 
metal surface prior to putting on the blast, to protect 
the vessel lining against the attack of iron oxide, etc. 
This point has been mentioned earlier, but in view of 
its value it is again stressed. 

The quality of steel made by the acid side-blown 
converter can be much higher than is generally appre. 
ciated. The possible regularity and uniformity of 
chemical composition has already been mentioned. 
The cleanliness and low gas contents are other factors 
which ought to be stressed. Eight heats of steel show 
the chemical analyses and inclusion counts set out in 
Table 3. 

The analyses (Table 4) of samples taken during a 
heat of steel will support the claim that the steel com- 


TABLE 4—GAs ANALYSES OF CONVERTER STEEL 





Cupola metal before desulphurizing, per cent 


ire a 2.94 

_ Se 1.08 1.05 

a 0.67 0.68 

Riis onan cee 0.084 0.090 Temperature of metal, 1,340 C 
_pRP Ea e 0.043 0.042 by the immersion pyrometer 
_ Sare 0.006 0.014 

__ fee 0.0002 0.0006 

eee 0.009 0.008 

Cupola metal after desulphurizing, per cent 

Gitte sree 3.13 3.08 

BB, ccs vevcen 0.82 0.81 

ee 0.61 0.61 

Ser: 0.057 0.041 Temperature of metal, 1,267 C 
perpen 0.042 0.042 by the immersion pyrometer 
| eee 0.0025 0.003 

Missisadewn 0.004 0.004 

_ eee 0.00005 0.00005 

Blown metal, per cent 

Gisvccseueas 0.08 0.07 

Mas ascevces 0.03 0.04 

WO. ie cocked 0.12 0.08 

Backs inna 0.037 0.041 Temperature of blown, 1,682 C 
Pisses caceua 0.039 0.042 by the immersion pyrometer 
Oy ccvicccons 0.035 0.050 

_ ee 0.0007 0.0007 

Passaic eens 0.010 0.009 

Final steel, per cent 

crits cael 0.25 0.24 0.24 

Piss <avainses 0.36 0.36 0.36 

BER... ce nsnee 1.52 1.52 1.52 Temperature of stee! in 
Be siesiesnens 0.047 0.044 0.047 ladle, 1,562 C by 
Pongscsecwes 0.048 0.047 0.053 the immersion 

Di ccecccece 0.0025 0.0025 0.0025 pyrometer 

Bhs icccccevs 0.00015 0.00015 0.00015 

Wicuccccves 0.005 0.005 0.005 
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favorably with that made by other processes as 
yas content is concerned, and will be of interest 
icating the changes in gas content which occur 
» the conversion process. 


Physical and Mechanical Properties 

side-blown converter process is ideal for the 
ction of carbon steels of any carbon content. 
| cupola metal can be used to recarburize heats 
ing a high carbon content in the final steel. Low- 
steel produced by this process for high perme- 

properties gave the results shown in Table 5. 
r many general engineering purposes steel castings 
ssing a tensile strength of approximately 30 tons 
q. in. are preferred, and large quantities of this 
q ty are produced in Great Britain by the acid side- 
blown converter process. The properties shown in 

[able 6 are obtained from this class of material. 

The 1 x 34-in. bend tests gave a 120 degree bend 
without fracture. The results obtained on a Wohler 
machine were: Tested at + 15.0 tons per sq in., un- 


TABLE 5—PROPERTIES OF CONVERTER STEEL 





Chemical analysis: C, 0.10; Si, 0.18; Mn, 0.34; S, 0.045; and P, 0.034 
per cent 
Mechanical properties: Yield point, 12.5 tons per sq. in.; maxi- 
mum stress, 22.7 tons per sq. in.; elongation, 37 per cent; reduc- 
tion of area, 57 per cent 
Magnetic properties 

H Values: 5, 10, 20, 40, 50, 60, 100, 150, 200 


B Values: 10,900, 13,650, 15,300, 16,500, 16,850, 17,100, 18,100, 
19,000, 19,600. 





broken at 11,740,380 revs.; tested at + 16.0 tons per sq. 
in., broken at 1,979,460 revs. Short-time tests at elevated 
temperatures gave the figures shown in Table 7. 

Some makers prefer the composition: C, 0.25, Si, 0.30, 
Mn, 1.50 per cent for service conditions requiring re- 
sistance to wear and abrasion, while others use C, 0.40, 
Si, 0.50, Mn, 0.80. Both of these steels are regularly 
made by the side-blown converter process, and the 
values shown in Table 8 give an indication of the 
properties obtained from such steels. 

The 0.40 per cent carbon type of steel is suitable for 
gears surface hardened by the “Shorter” process, ard 
many castings of this type are made annually by the 
converter process. Typical test results, using the 


Tas_e 6—Properties OF 30-Ton CONVERTER STEEL 





Chemical analysis: C, 0.21; Si, 0.28; Mn, 0.90; S, 0.033; and P, 
0.037 per cent 





; Elongation, Reduction of 

Vie ld Point, Max. Stress, per cent Area, 

tons/sq. in. tons/sq. in. in 2 in. per cent 
17.40 30.12 33 57 
15.12 30.00 32 52 
15.32 30.00 32 57 
15.64 30.60 33 59 
17.60 31.00 33 57 
16.72 30.92 32 54 
17.20 30.80 33 54 
15.72 31.24 33 57 
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Vickers hardness machine, gave surface hardness of 
700 to 750, while sections showed the total depth af- 
fected to be 0.128 in., the depth of martensite being 
0.076 in. while that of troostite was 0.052 in. 

The fluidity of the two steels when made by the side 


blown converter process with the proper degree of 
temperature control is excellent, and the steels are well 
suited for the production of light, thin-walled castings 
Other general types of carbon steels made by the same 
process include 0.60 per cent carbon, and 0.4 carbon 
and 1.5 per cent manganes¢ steels. 


Alloy Steels 


Nickel and molybdenum steels can be made easily by 
this process, the alloys (nickel and ferromolybdenum) 


TABLE 7—STRENGTH DATA AT ELEVATED TEMPERATURES 





Tested at 7000C 400C 450C 
0.05 per cent press stress, tons per sq. in.. 11.0 8.9 8.5 
0.10 per cent proof stress, tons per sq. in.. 11.35 9.6 9.3 
Yield point, tons per sq. in... .. 12.9 12.5 11.5 
Maximum stress, tons per sq. in 34.6 29.6 25.0 
Elongation, per cent........ 30.0 35.0 36.0 


Reduction of area, per cent 45.0 50.0 60.0 





TABLE 8—COMPOSITION AND PROPERTIES OF LOW AND 
MepIUM CARBON STEELS 





Chemical Analysis: C, 0.24; Si, 0.26; Mn, 1.47; S, 0.037; and P, 0.037 
per cent 


Elongation, Reduction 
Yield Point, Max. Stress, per cent of Area, 
tons/sq. in tons/sq. in. in 2 in. per cent 
22.32 39.12 26 44 
22.40 39.38 24 43 
23.20 39.04 27 50 
22.80 38.40 28 52 








Chemical Analvsis- C, 0.39; Si, 0.36; Mn, 0.84; S, 0.037; and P, 0.057 
per cent. 

23.08 42.08 19 24 

24.20 39.52 22 28 





being added to the metal before the blow commences. 
In the case of chrome and vanadium steels, the alloys 
are added to the bath after slagging and after deoxila- 
tion. Austenitic manganese stecl can be made by add- 
ing molten fcrromanganese to the bath of killed carbon 
steel, any adjustments required to keep the carbon- 
mangancse ratio being made with low-carbon [crroman- 
ganese. The following physical properties of low alloy 
content and of austenitic manganese steel castings made 
by the side-blown converter are given to indicate the 
quality of the product. 


Nickel Steel (3 Per Cent Nickel) 

Chemical Analysis: C, 0.20, Si, 0.35, Mn, 0.80, Ni, 
3.00, S, 0.035 and P, 0.040 per cent. 

Mechanical Properties—Yicld point, 24.0 tons; maxi- 
mum stress, $6.4 tons; elongation, 27 per cent; reduc- 
tion of area, 47 per cent. The fluidity of this steel is 
extremely high and it is well suited for running cast- 
ings having thin sections. 
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Molybdenum Steels 
Chemical Analysis: C, 0.22, Si, 0.35, Mn, 0.76, S, 
0.037, P, 0.042, Mo, 0.64 per cent. 





Room tem- 








Tested at* perature 300C 400C 450C S00C 550C 
Limit of proportion- 
MN Ge haces 19.5 11 10 9 9 6.5 
Yield point, - a 

tons/sq. in. 21.2-24.8 20.75 18 18 17.5 16.75 


Maximum stress, 
tons/sq. in... 33.0-34.8 34.25 
Elongation, percent 30.0-31.5 14.5 24.75 31.75 345 36 


Reduction of area, 
per cent , 52-57 24 40.25 54.75 69 77 
* Tests at elevated temperatures were short-time tensile tests. 





Chrome-Molybdenum Steels 

Chemical Analysis: C, 0.25, Si, 0.36, Mn, 0.96, S, 
0.010, Cr, 1.05, Mo, 0.46 per cent. 

Attention is drawn to the low sulphur content in this 
steel, the heat being doubly desulphurized. Original cu- 
pola metal, 0.068 per cent S; after first desulphurizing, 
0.025 per cent S; and after second treatment, 0.014 per 





cent S. 
Yield Max. Reduction 
Water Tempera- Point, Stress, Elongation, of Area, 
Quench, °C ture °C tons/sq.in. tons/sq.in. percent per cent 
900 450 49.52 tate 95 33 
900 500 43.72 66.76 13 36 
900 550 43.64 62.55 15 47 





Copper-Manganese-Molybdenum Steels 








Chemical Analysis: C, 0.24, Si, 0.52, Mn, 1.44, S, 
0.041, P, 0.045, Mo, 0.39, Cu, 0.62 per cent. 
Yield Max. Reduction 
Water Tempera- Point, Stress, Elongation, of Area, 
Quench, °C ture °C  tons/sq.in. tons/sq.in. percent per cent 
900 580 50.36(a) 57.52 14 30 
900 650 36.04(b) 45.16 24 52 


Impacts 
(a) 40, 41, 41 
(b) 49, 47, 55 





This steel was used to produce castings 0.375 in. thick 
and little trouble was encountered due to short-run 
edges, etc., the steel being quite fluid. 


Austenitic Manganese Steel 








Reduc- 
Max.  Elonga- tion of 
_ Si, Mn, S, P, Stress, tion, Area, 
per per per per per Tons/ per per 
cent cent cent cent cent sq. in. cent cent 
1.02 0.82 13.75 0.020 0.068 59.3 64 38 
1.02 1.09 13.10 0.020 0.069 58.06 $2 41 
1.16 0.78 13.75 0.020 0.076 58.38 59 43 





Chemical Analysis: C, 1.20, Si, 0.83, Mn, 12.8, S, 
0.020, P, 0.066, Cr, 1.28 per cent. 











Maximum Stress, Elongation, Reduction of Area, 
tons/sq. in. per cent per cent 
60.34 55.5 Unbroken 
61.32 62 42 
62.34 62 41 





SiwE-BLOwN Conver 


The addition of chromium to this steel slight], 
creases the hardness and reduces the tendency of 
steel to “spread” or “flow” im service. 

The foregoing figures are intended to demonstrate 
the excellent properties of the steel that can be made !yy 
this process. Statistical studies of the test results taken 
over a long period have shown that the properties of 
steels produced by the process compare favorably \ 
those of steels of similar chemical analysis produced by 
any other process and used for steel casting production 
From the steelfounder’s point of view, the process is 
flexible and gives hot fluid steel in suitable quantities 
(depending, of course upon plant facilities) and at: 
ular intervals. 

This makes the process an ideal one for the mass pro- 
duction of green-sand steel castings, and it is the au- 
thor’s considered view that, with the aid of the new 
technical control methods and instruments, the process 
will regain its former popularity. The real test, of 
course, will be the quality of castings made, and their 
subsequent behavior in service. 


Future Developments 

Excellent figures for gas content which have been ob- 
tained and quoted in this paper, and confirmed by othe: 
workers, have convinced bulk steel producers of the 
possibilities in the side-blown operation. In Germany 
during the recent war, 25-ton basic side-blown convert 
ers were in use at the Mannesmann Works at Huckin- 
gen, and these proved very successful, steel being made 
to a regular specification of 0.008 per cent nitrogen. The 
steel made from the side-blown converter is hotter than 
that from the bottom-blown vessels.‘ 

Liquid steel can be produced at as low a cost by the 
side-blown converter process in plants of modern con- 
struction and with the necessary degree of technical con- 
trol as that by any other steelmaking process. It is, there- 
fore, safe to predict a good future for the process, for 
the production of steel for castings and possibly for 
ingot production. 

It is felt that development will follow (a) the in- 
creased use of superheated low-silicon metal, or at lcast 
a greatly increased tonnage of lower-silicon metal than 
is at present used; (b) more control over desulphuriza- 
tion and possibly of dephosphorization; (c) a general 
use of immersion pyrometer equipment as a means of 
accurate temperature control; (d) the use of photoelec- 
tric cell units for controlling the end point of the process 
and as an additional means of temperature control; (¢) 
better converter design as a means of reducing metal 
losses due to projections, and (f) greater appreciation of 
the high quality of steel that can be produced by the 
process if proper precautions are taken. 
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CHEMICALLY TREATED SAND’ 
A MOLDING SAND PROCESS WITH A RESIN BOND 


T. W. Curry + 


ABSTRACT 


ithor discusses a process for chemically coating foundry 
a micro-thin film of carbon resin for refractory and 
roperties. The chemical is a viscous liquid containing 
pure carbon resin, a solvent and water. The sand 
brownish-black after treatment herein discussed. 
emically treated sand has better flowability characteris- 
any synthetic sand the author used previously. This re- 
1 mold with more uniform hardness with less ramming. 
surface finish of the casting and possible substantial 
ment in cleaning costs led to the author’s experiments 
s chemical bonding sand process. 


[HE PROBLEM OF DEVELOPING a versatile molding 
sand for the author’s mechanized molding units and 
ontrolling the sand properties within good working 
limits was the initial reason for the experimental work 
m the chemically treated sand. In view of a moderate 
success with the application of some of the synthetic 
sands, we were desirous of improving the quality and 
manufacturing costs of our castings, and though the 
hemically treated sand was a radical change from the 
preparation and materials currently used, it has worked 
ut successfully and has had a pronounced effect upon 
ill the operations performed in the making of gray iron 
castings. 

Most foundrymen, producing gray iron, have ex- 
perienced some difficulties at one time or another with 
their molding sand. Reliable technical information 
oncerning all the materials used in molding sands and 
the best known procedures for combining, preparing 
ind contftolling them for use has been made available 
by able men of the industry. The successful applica- 
tion of a molding sand requires the use of this informa- 
tion in its entirety, but the combination of the most 
lesirable properties is sometimes influenced, or limited, 
by circumstances which do not allow the foundryman to 
employ his complete store of knowledge. Following, 
some of these are listed for consideration: 


* Official 1947 exchange paper from the American Foundry- 
mens Association to the French Technical Foundry Association 

\ssociation Technique de Fonderie) presented before its 2Ist 
Annual Congress, Oct. 13, 1947. 

+ Metallurgist, Lynchburg Foundry Co., Lynchburg, Va. 


1. The mechanized equipment may have been designed 

with the emphasis on the speed of molding without 

due consideration of the necessary preparation of a 

molding sand to develop its best working properties. 

Molding systems installed at the time of a single 

shift operation are now working double shifts, or 

continuously for five and six 24-hr. working days. 

Higher temperatures in the system sands have in- 

fluenced the sand properties. 

3. Refinement of molding methods and increased pro- 
duction have been introduced to a mechanized unit 
while the sand handling equipment has remained 
at its original capacity and design. 

4. Elimination of dry sand cores, either ram-up or as- 
sembly, has been adopted in the manufacture of 
many castings and this has required better proper- 
ties in the molding sand. 

5. The ventilation and exhaust equipment, an integral 
part of most mechanized systems, has been designed 
to remove fine material from the sand and, in some 
instances, to an extent where it is a definite disad- 


~ 


vantage. 

6. The range of castings made in a synthetic sand has 
been spread beyond the limits of any one sand mix- 
ture. The flexibility of the sand has promoted this 
production thought and some of the properties of 
the sand are influenced when it is sorely overtaxed. 
In mechanized molding systems where it is possible 
to develop the best working properties of a particu- 
lar sand mixture by proper conditioning, the present 
synthetic sands are not flexible enough to be used 
to produce the desired range of castings satisfac- 
torily. 


~I 


8. Cleaning costs, no matter the degree of efficiency 


of the operation, are a source of expense which 
should be eliminated, if possible, or reduced to a 
minimum below that which the foundry industry, is 
now paying. 
Whether or not a foundryman is confronted with 
anything detrimental in his mechanized molding and 


sand handling equipment which might influence his 
molding sand properties, he is not likely to refute the 


claim that the synthetic sands as they are now made are 
not flexible enough to produce his particular line of 
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TABLE 1—GRAIN DISTRIBUTION TABLE FOR BASE SANDS AND SAND MIxTuRES. WASHED AND SCREENED SILICA SANDs | 
ON CHEMICALLY BONDED SAND EXPERIMENTAL WORK AND IN PREVIOUS SYNTHETIC SAND MIXES 





Per cent Retained on Mesh Number 

















rn | AFA AFA | G 
Grade | 30 | 40 | 50 | 70 | 100 | 140 200 | 270 | Pan | Clay | F.No. | § 
————— ee | —_—— | — | — — —— —| —_ Se 
#60 i s 2.0 8.8 37.2 | 42.0 ma | 4-2 | = T 61 RS 
#70 | — 0.1 2.1 28.4 | 524 5.3 | 14 | 02 T T 73 SA 
#90 - T 0.4 7.2 | 44.0 28.2 | 13.6 | 3.2 | 2.4 T 95 SA 
#c.0O| «6OT 5.0 | 24.0 41.8 22.2 6.0 | O08 - | 42 T 54 RS 
#111 T T T 1.6 11.0 47.0 | 314 | 4.8 2.2 2.0 118 : 
#10M 0.6 | 2.0 4.2 11.2 19.6 19.6 | 15.8 3.8 | 7.4 15.4 110 RS 














T— Trace or negligible amount as shown in routine testing 

R— Round-RS (round to subangular) 

S— Subangular—SA (Subangular to Angular) 

A— Angular (Angularity designated because of the shape of some of the very fine grains in the finer sands) 

NOTE: The trace of AFA clay indicated in the table for the washed silica sands is negligible in that it could have been pan material o; 
the technique in the performance of the washing operation. There is very little discoloration of the washing water, when these sands ar 
analyzed for clay content. 

These sands are supplied in large quantities and are subject to some variation on each screen, but the grain fineness number wil 
be consistent within +2. All are mined and prepared in the New Jersey area. 

#111 Sand is a bank sand with an average clay content ranging between 11% and 2% per cent. 

#60 and #C, washed and dried, are mixed by unloading alternate railroad cars into the sand silo and are used as the base sand for 
all the core sand mixtures. 





castings to his complete satisfaction. It does not alter contamination is eliminated.” 

the problem to consider that the mechanical equipment In sands C, D and F, (Table 2 and 3) the sea coal 
is affecting the sand adversely, or that the sand mixture and pitch were used in a mixture of 5 parts sea coal to 
is not versatile enough to be used with a particular 1] part of pitch. Various other combinations were at- 
design of sand handling equipment and molding ma- tempted, but it was necessary to watch carefully with 
chines. even this low pitch content or the sand would become 

Since the mechanized equipment in most foundries water-proofed very rapidly. The more concentrated 
is fixed and major changes would involve large capital pitch additions caused misruns in the lighter metal 
expenditures, work was initiated on the problem of sections and introduced shakeout difficulties because 
finding some sand mixture with working properties of the high drv strength and an increase in heavy, dense 
which would produce better castings with the equip- fumes. 
ment as it existed. It is the purpose in this report to Sands A, B, C and D caused difficulty at the shakeout 
show the results of the work on some of the synthetic with the higher dry and hot strengths of the cereal- 
sands, and point out our experiences with them, and to bentonite bonded sands. 
present a comparison of a chemically treated or resin- Sands E, F and G had better shakeout properties but 
bonded molding sand in the same application. See difficulty was experienced in making deep or intricate 
Tables 1, 2 and 3. lifts. 

Quoting a description, ““Permi Bond is composed of a Hot strengths of all the sands shown in Table 2 were 
specially prepared pure hydrocarbon which is com- regulated by a selection of bond, such as various com- 
pletely volatile at elevated temperatures. Total ash is binations of the bentonites or an increase in the green 
0.2 per cent maximum and on decomposition does not compression strength. Cutting or washing in the 
produce excessive free carbon, consequently all sand heavier metal sections was corrected in this manner. 


Taste 2—SyYNTHETIC SAND Mixtures Usep ON PropucTION Basis Prior TO Use oF CHEMICALLY BONDED SAND 











Base Sand Corn Sea Western | Southern Bond Wheat Wood Permi- 

Sand (Table 1) Flour Coal Pitch Bentonite | Bentonite Clay Flour Flour bond 

A 60 or C xX Yt y 4 

B 60 or C xX xX ~ = 

: 60 or C . xX . 4 x xX 

D 60 or C ~ 3 xX x xX - 

E 60 or C ; 4 xX 

F 60 or C x xX » 3 xX 

G 60 or C x xX x 



































NOTE: The sand mixtures in Table No. 2 were used as the system sand with the components as shown. Special facings for some 
particular applications were used but are not shown because they were not in enough quantity to influence the entire system. 

In sand B, the two bentonites used for bond were in the ratio of 1 part Western bentonite to 3 parts Southern bentonite. 

In sand C, the bentonite bond was used in the ratio of 3 parts Western bentonite to 1 part Southern bentonite. 

Bond clay indicated in mixture E was a known scientifically prepared bond of the fire clay type. The use of the mixture F was 
limited to the shortest production run of any of the sands shown (about four 16-hr. shifts) because of an increase in mulling time necessary 
to develop good working properties. : 

All the sands shown in Table No. 1 were introduced to the system in maintenance amounts at one time or another. The selection 
— _ the current grain fineness or the type and section of castings to be produced. The 10M sand was not used as an adiition 
at the shakeout. 
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RANGE OF PROPERTIES OF SYNTHETIC SAND MIxTuRES UsED ON PRopUCTION Basis AS SHOWN IN TABLE 2 
Sand Sand Sand Sand Sand Sand Sand 
4 B ( D | I G 
3; 0-4.5 3.0-4.5 50-55 50-55 45-50 + 04.0 ; 04.0 
60-80 60-80 70-90 70-90 85110 85—100 90-110 
scion 9. 0-11.5 9 0-11.5 6.5-9.0 6.5-9.0 10.5—-12.0 1? 0-16.0 1?2.0-16.0 
0.020—0.023 0.027—0.030 0.025-0.028 0.025—0.028 0.018—0.0?1 0.015—0.018 0.015-—0.018 
RAL NOTES During the times when all these sand were In operatior the expansion-contraction characteristics were 
2500°F. Pilot castings, which would also indicate certain system sand conditions, were checked frequently in conjunctio1 


ts obtained in the dilatometer. Best results in the 
rence between the maximum expansion and the n 
) expansion of the sand was not attained for one an 


j 


t to develop. For the various castings produced in these sands, the carbonaceous material analyzed between 5'4 to 64% per cent 
um to facilitate shakeout and favor lighter sectior 
C and Sand D were the most satisfactory sand mixtures mainly because of their toughness and ability to make the difficult 


d was usually maintained at the lowest possible mi: 


\it-squeeze-strip molding machines 


ination of scabhing and buckling were obtained when the stability 
iximum contractior 
one-half minutes after plunging into the 2500°F. zone. Car 
; shown in Table 2 were added in amounts to regulate the stability factor of the sand and the time for the maximum expansion 


| 
















expressed in inches per inch) was +0.007 in., and 


bonaceous 


al castings 
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e design of the synthetic sand mixtures, we be- 

\at first consideration must be given to the rate 
mount of expansion of the silica grain under heat 

it it is necessary to counteract this expansion by 
sufficient clay or carbonaceous materials to make the 
sand stable under thermal shock. Since the percentage 
of clay (4to 514 percent) in Sands A, B, C and D shown 
in Table 2 and 8 to 914 percent in Sands F and G) is 
low duc to the use of the stronger bentonite bonds, the 
probability of scabbing by having a high contracting 


} 
i 


sand was comparatively low. Scabbing, buckling, cope 
burn-down, and rat-tail were treated as a function of 


Fig. 1—Sand slinger turntable with pin-push-up ma- 
hines operating with chemically treated sand. 
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the expansion property and adjustments in the percent 
age by weight of carbonaceous materials, or pouring 


time, were made accordingly. 


Need for Improvement of Synthetic Sands for 
Molding Units 


It is well to point out that the synthetic sand mixtures 
as outlined in Table 2 were probably not up to their 
greatest efficiency because of circumstances incident to 
the author’s shop. We are cognizant of the fact that the 
proper mulling time and time for the sand to temper 
improved all the sand properties, but every effort was 
made to try to provide sand in sufficient quantities to 
allow the greatest mold production, notwithstanding 
the fact that the sand was not properly mulled. 
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Other problems, which accompany a wide variety of 
castings made in jobbing lots, were present. The neces- 
sity for rapid changes in the system sand properties; 
short, fast molding conveyors with castings of heavy 
section; the minimum allowed time between pouring 
and shakeout, and a less than desirable tonnage of sand 
in the system had their individual influences on the 
sand propertics. These were the motivating reasons 
why the different synthetic sands were tried and, when 
found lacking in some of the working properties with 
the existing equipment and methods, pointed to the 
need for some further improvement, and an investiga- 
tion as to the merits of the chemical process was started. 

We had the rather unusual case of having two sepa- 
rate foundries, working side by side in the same plant, 
and making entirely different types of castings. It 
afforded us an opportunity to observe the same syn- 
thetic sand mixture at work on two applications with 
one singular difference; namely, longer mulling time 
and time to temper properly. This was accomplished by 
making the sand in the molding unit of one foundry 
interchangeable with the “snap” floors of the other 
foundry, so that every 16 hours there was a complete 
change in the molding unit sand. All the sands shown 
in Table 2 were handled in this manner and we ob- 
tained better working properties in each case by mull- 
ing longer and allowing time to temper before use. 

The procedure of making the sands for the two 
foundries interchangeable served one purpose at least— 
that of demonstrating that the selection of the com- 
ponents of the mixture and its working properties 
would do a good job in the making of a casting if the 
proper method of preparing the sand mixture was 
utilized. 

By far, the one sand property which presented the 
most difficulty to.obtain in all the sand mixtures, and 
that only to a degree that was not completely satisfac- 
tory, was that of flowability. Good shakeout was also a 
problem, but the lack of flowability influenced the sur- 
face finish, and consequently the cleaning costs, and 
caused a scrap and production loss because of a low 
mold density with the normal ramming operations. 
Sands F and G had better flowable qualities than any 
of the other sands listed in Table 2. 

It was the better finish of the casting and the possible 
substantial improvement in cleaning costs which led to 
our experiments with this process. 


Chemically Bonded Sands 


The process for the preparation of chemically bonded 
molding sands is an entirely new conception of the 
function of the grains of sand in the making of a mold. 
It is concerned with the surface of the grain, rather 
than the grain as a whole, both from the standpoint of 
refractoriness and all functional properties. A good 
working knowledge of the process can be had when just 
the mechanical aspects, which may or may not be the 
result of a chemical reaction, are considered. 

Consideration must first be given to the fact that the 
process (the chemical used is secondary to this) uses 
a carbon coating on the sand grain for refractory and 
working properties. With this in mind, the chemical, 
for explanatory purposes, can be considered a physical 
mixture, instead of a complex chemical composition 
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which it really is. We can, therefore, define the ch 
cal that we are using at the present time as a vis 
liquid containing an almost pure carbon resin, a so] 
and water. 

Originally the process and its chemicals wer 
signed to produce molding properties in a sand wit! 
the use of bentonite or clays, cereal, or water. All 
ticity was derived from the action of the solvent o1 
carbon resin coating; hence, the frequent referen: 
non-water soluble chemical, in the early stages of 
development. The chemically bonded sands, using 
non-water soluble material, were found to be of ar 
flammable nature because of the solvent, which is a 
petroleum derivative, and were temporarily set asic 
favor of the chemical used with water in the 
mixture. 

Initial operations of the process consists of coat 
the sand grain with a micro-thin film of the ca: 
resin. This is accomplished by mixing a washed 
damp silica sand with a proportionate amount of 
chemical, (approximately 48 gal. per 2000 Ib. of sand 
in the ordinary foundry mixer. The mixture is then 
passed through a rotary drier, operating at 300 to 400 
F. to evaporate the solvent and water vapor and set t! 
resin coating on the grain. In this phase of the proce 
dure the solvent is only a vehicle to convey the carbon 
resin around the grain, and may be recovered from th: 
vapors coming from the drying operation with the use 
of a condenser and separator. 

The sand, as it is discharged from the drier, has no 
plasticity or molding qualities and could be compared 
with washed and dry silica sand, with the exception of 
the color. The sand grains are now brownish-black in 
stead of translucent to white. Under a microscope, the 
newly coated sand appears to be a glistening black, and 
the thin coating has not obliterated the original con- 
tour and angular formation of the sand grains (Fig 





Fig. 2—A.F.A. Fineness No. 60 sand shown at 20 diam- 

eters. Note how the micro-thin coating of an aimost 

pure carbon resin is spread and maintained around 
sand grains. Resin coating is hard and durab 
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.on resin, or coating, is a hard durable material, 
in water and common solvents, tenaciously 
| to the grain so that it is not apt to spall or 
ff, but will become plastic in contact with the 
of the chemical. It is the latter property of the 
the function of its becoming plastic, that is the 
source of all the desirable qualities we have 

n the chemically-treated sand. 
coated sand is then ready to be .introduced to 
ling unit, where it is subsequently mixed with 
e, cereal, chemical and water to develop the 
working properties necessary to make its first 
In the first production unit in which the sand 
d, 100 per cent coated sand was introduced as 
sis for the sand mixture, and in the second mold- 
t (the sandslinger) eight parts of coated sand 
) parts of No. 60 fineness silica sand were used 
od success. Continued re-use of the chemically- 
sand requires only maintenance additions of 
ite, cereal and chemical to hold the desired speci- 
Iincoated sand, that is, new silica sand, core sand, 
and grains adjacent to the molten metal have had 
coating burned off, enter the sand system and are 
| in the cycle of mulling with the chemical in the 
iixture, and using the heat of the molten metal, back 
ff the face of the mold, to evaporate the solvent and 
vapor. Hence, during the making, pouring and 
shakeout of a mold, the coating is burned off some sand 
grains and replaced on others, so that the percentage of 
oated grains can be kept in good balance by the chemi- 

al addition in the mullers. 


Some Experimental Notes on Chemically Bonded Sand 
Before Production Trial 


Bearing in mind that the decision to study the use 
{ chemical bonding in the molding sands was made 
with the idea of reducing the cleaning costs, eliminating 
the sand blasting operation if possible, some interesting 
results were noted in the work of getting sufficient in- 
formation to adapt the process for production. These 


) findings were the basis for the first production trial run 
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and they have not been found to deviate too much on 
i large scale operation. 

All experimental work was based on the surface finish 
of the casting with the idea in mind that if the surface 
was good, and the casting was correct dimensionally, 
then all the sand properties were good. Consequently, 
the major portion of the experimental work was done 
in the foundry and the sand was adapted to the existing 
methods and equipment rather than to try to compen- 


» sate for a lack of some particular inefficiency found in 


the sand. Trial molds and castings from almost all the 
current patterns were made and studied before a recom- 
mendation for a trial production run was made. (Jan- 
uary 20, 1947, to present time) . 
lhe following information was found experimental- 
ly by practical shop application of chemical bonding: 
|. First tests were made with the chemical S.A. (the 
non-water soluble material) and the possibilities of 
‘he use of this material to produce gray iron cast- 
igs at some future date cannot be disregarded. It 
is possible to produce castings up to three-inch sec- 
‘.on which come from the mold at the shakeout free 


no 
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of all molding sand and ready for the chipping and 
grinding operations. In this work, it was found 
that the sand would glaze and generate dense white 
fumes if the casting had any red heat at the shake- 
out and it was necessary to bring the casting to an 
impractical low black heat before the volume of 
these fumes was reduced enough for general shop 
use. There was also the tendency for the sand to 
“chill” the metal in the mold sufficiently to cause 
misruns in the lighter sections and the heat trans- 
fer was rapid enough in some instances to produce 
a white iron. Some foundrymen have suggested the 
use of the chemical SA for applications in the mal- 
leable iron field, or in gray iron in the form of fac- 
ing, or a face core, where localized shrinkage is 
present due to the design of a particular section. 
These characteristics of the chemical SA (blaze, 
fumes, chilling) indicated a change in the chemical 
itself so that it could be worked in conjunction with 
water, and consequently with the currently used 
bonding materials, to eliminate the hazard of the 
flash and blaze at the shakeout and reduce the vol- 
ume of the fumes. Hence, the chemical HO (water 
in the chemical and used with water in the sand 
mixture) became the basis for the study of the resin 
bonded sands. 
The question of grain distribution of the base sand 
became apparent early in the investigation because 
of the variation in the working properties obtained 
in coated sand mixtures made from different car- 
loads of the same fineness sand. The cause of this 
variation was checked in detail and it was found by 
making up sand mixtures from the sands shown in 
Table 1, in different proportions that a wide dis- 
tribution of the screen sizes of the sand grains pro- 
duced the best and most consistent working proper- 
ties. Details of all the experimental coated sand 
mixtures cannot be reported here, but it is well to 
consider the following results: 
A—50 per cent No. 60 and 50 per cent No. 90 
better than 100 per cent No. 70 
B—50 per cent No. 70 and 50 per cent No. 90 
better than 100 per cent No. 90 
C—50 per cent No. 60 and 50 per cent No. 111 
better than 100 per cent No. 70 
D—AIl mixtures where the grain distribution 
was spread over more screens, no matter the 
percentages of each sand used, the working 
properties of the sand mixture were im- 
proved. 
There is a very noticeable improvement in the den- 
sity of the mold, and correspondingly the hardness 
of the mold surfaces, when the grain size is well dis- 
tributed over a wider range of screens. 
In every test conducted, the carbon resin coated 
sand mixtures produced better finish and cleaning 
characteristics than the synthetic sand mixtures con- 
taining sea coal, or sea coal and pitch combinations. 
An attempt was made to mix synthetic heap sands 
containing sea coal with the chemical coated sands 
in a sand mixture, but the working properties of 
this sand were not as good as the 100 per cent coated 
sand mixtures and the finish of the casting was 
definitely not as good. 
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TABLE 4—QUANTITY OF CHEMICAL SOLUTION USED 


~ 





Chemical Solution in | Chemical Solution in 
Ot. per 1150 lb. Batch Ot. per 1600 lb. Batch 


Start of Trial Present|Start of Trial Present 


Jolt Squeeze Ma 


chine unit 5-6 114-3 
Sand Slinger Unit +-5 44-11% 

NOTE: The chemical solution is a mixture of one part chemical 
and one part water which is kept under a slight agitation with a 
small amount of air exhaust or manually stirring ocasionally 
(One quart of the chemical weighs two pounds). With the re- 
duction in the maintenance amounts of bentonite and cereal 
required in the chemically bonded sand, as compared with the 


synthetic sands shown in Table 2, and this new reduction in the 
amount of chemical used, the cost of the present chemically 
treated sand mixture is approximately the same or somewhat 


less than the cost of Sand C or D 
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Fig. 3—Effect of chemical on sand properties used in 
molding machine unit. 


Conclusions Based Upon Observations of An Eight-Month 
Production Run 


We would like to point out to the best of our ability 
the numerous advantages of chemical bonding as well 
as the trouble we have experienced from time to time 
on some of the castings. Generally, we believe that the 
advantages far offset the trouble encountered and each 





Fig. 4—Tractor wheel mold entering the fume tunnel 
going to the shakeout station. A measured amount of 
uncoated silica sand (white material on mold top) is 
added to mold to maintain grain fineness and the 
amount of sand carried in the unit system. 


CHEMICALLY TREATED ‘S4y) 


passing day teaches us more about the use of the « 
cally treated sand and more of the pitfalls « 
avoided. An exchange of information from ot! 
stallations of the process is also aiding in the ay 
tion of this new project in molding sands. 


Comparative Cost of Chemically Bonded Sand Mixtures 


Observations of various sand mixtures made 
the chemical bond have, over a period of eight m: 
indicated that the percentage of the chemical u 
a maintenance addition has been in larger am 
than that which has been required for best results. T} 


resin coating on the grain and the chemical addition a 


the mullers have been made with the thought in min 
to further improve cleaning costs by an even gi 


saving in sand blast time, but there is a definite limit 


where the improved ‘peeling’ qualities of the sar 
causes cutting in front or under the in-gates. A redu 


tion in the amount of the chemical, previously reported 


has been made in both mechanized molding units and 
this has resulted in a reduction in cost of the chemically 


bonded sand mixture. Table 4 and Fig. 3 show the 
trend of this change. 

In Table 4, a rather wide range of chemical add 
tions is shown under the present mixes. Conventiona 


core sand mixtures of core oil, cereal, iron oxide and 
silica flour are used in the foundry and certain molding 
schedules collapse an appreciable amount of uncoated 


sand into the system. Heavier castings also requir 
more cooling of the sand at the mullers and this in tur 
causes greater losses in fine sand grains which are nr 
placed by adding uncoated sand at the shakeout opera 
tion (Fig. 4). 


In our experience with this process on many different 


types of castings, observations of the reduction in the 
use of the chemical can be explained by Fig. 3. 
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Fig. 5—Drag view of automotive brake drum casting 
weighing 88 lb. Molding, gating and finish 
require a sand having good hot strength, toughness 


flowability. 
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is one exception to the improvement in the 
ies of the sand as shown by Fig. 3; namely, the 
. the sand to withstand cutting or washing in 
| in areas directly under the in-gates. A sus- 
idition of 4 to 6 qt. of chemical solution to each 
of mixed sand will ca ‘ea scrap loss by cutting 


T 
es the in-gates of castings .nade in portions of the 
nd cope. Castings made all in the cope of the 
nd gated from the joint line will not be affected 
ng when the chemical is in the higher percent- 

it it is necessary in most cases to maintain an all 
Tl ; e sand. In one case only, we have found a fibrous 
deposit, which when sand blasted appears as if 

inclusion had been present, as a result of having 
uch chemical in the sand. This defect was con- 
in the same area and we believed that the 

ul ) resin was melted from the sand grain by the 
luc ra t heat coming from the in-gate and caused a sur- 
mperfection when the metal in the mold raised 
1inst it. The casting described is shown in Fig. 5. 





and Ip a > 

all Because of the limit set by the tendency to “cut” 

the Point C, Fig. 3) on the possibility of producing a clean 

ng at the shakeout, it is obvious from a considera- 

dd tion of cost that it is better to keep the chemical addi- 

yna tion at Point A rather than Point B on the empirical 

and irve shown in Fig. 3. 

lit 

saad Better Shakeout Properties 

uire The shakeout properties of the chemically treated 

uri sand on both the machine and sand slinger units are 

ir superior to any synthetic sand mixture which has been 

era ised (Fig. 8). It is this property which makes the sand 
ore versatile than any other sand in our experience 

rent because the working properties can be adjusted by 

the choice of bonding materials or variation of the speci- 


fications without being accompanied by the excessive 
umping normally resulting from the higher hot 
strength or tougher sands in the synthetic mixtures. 
The improvement in the shakeout properties has had 
i threefold effect: 






% 





6—Drag side of motor end weighing 90 lb. The 
diameter is 25 in. 








Fig. 7—Mold for an oil casting ready for closing. 


1. The shakeout sand returning to the mullers is in 
a much better condition for remixing; 

2. The refuse sand has been limited to pieces of 
broken cores, which can be considered as a normal 
waste unless special reclamation equipment is avail- 
able; and 

3. The surface finish of the casting remains better. 

In the synthetic sand mixtures (Table 2) insufficient 
mulling time and the resulting excess of bond and ce- 





Fig. 8—Sand slinger shakeout operation. Notice the 
amount of sand actually on the surface of the casting 
at the moment, the atmosphere over the shakeout, and 
the general texture of the sand coming from the flask. 
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real flour, over and above that amount which would 
normally develop the required working properties, 
caused lumping, poor finish, and increased the sand 
costs by the waste when these were screened out of the 
shakeout sand. Other obviously undesirable features 
also accompanied this condition of the synthetic sands 
in our former system. 


Toughness or Strength At Low Moisture with 
Good Flowability 


The chemically treated sand has better flowability 
characteristics than any synthetic sand we had used 
previously. The improvement in this property enables 
the mold to be made with a higher and more uniform 
hardness throughout, with fewer jolts of the molding 
machine and less ramming operations. A reduction in 
rammed areas, with the reduction in the resulting metal 
penetration and the loss of correct contour, has mate- 
rially improved the surface finish and held the overall 
dimensions more closely within the specified tolerances. 

The toughness of the chemically-treated sand can be 
increased to a specification which will mold satisfac- 
torily on all the current patterns without seriously af- 
fecting its good flowability properties. In other words, 
a tough, highly flowable sand is now possible; two 
properties which in most sands are not compatible. 
Most of our work involves deep, intricate lifts, as both 
the cope and the drag are made on jolt-squeeze-strip 
molding machines, or on pin-push-up machines on the 
sand slinger unit, and one of the major problems was 
to provide a sand which would lift from a deep pocket 
and, at the same time, ram uniformly hard on all mold 
surfaces. In the synthetic sands, it was necessary to 
keep the toughness of the sand as low as possible to 
maintain a good surface, and the loss of molds, due to 
stick-downs coming from the molding machines, was 
high. The combination of toughness and good flow- 
ability of the chemically treated sand has reduced this 
loss of molds appreciably, and a very satisfactory in- 
crease in production has resulted. 

High strength, or high toughness, whichever is de- 
sired, can be developed in the chemically treated sands 
at much lower moisture contents. Here again, a third 
“incompatible” arises; namely, a tough, highly flowable 
sand with a low moisture content. The synthetic sands 
(C and D, Table 2) were discharged from the mullers 
between 5.0 and 5.5 per cent moisture, and the chemi- 
cally treated sand has very good temper at 3.0 to 3.3 
per cent. A reduction in the water vapor during the 
pouring operation is a definite advantage. The solvent 
in the chemical begins to evaporate from the face of the 
mold when the mold comes from the pattern, and the 
gases, incident to the burning of the carbon resin and 
the solvent are slower in forming than in the synthetic 
sands. (See Table 6 for the total of the carbonaceous 
materials and moisture in the sand). Hence, less water 
vapor and slower forming mold gases, during pouring, 
require less permeable sands and a finer finish for larger 
castings can be obtained. 


Control of Chemically Treated Sand in Shop 


A more accurate control of the sand properties at the 
mullers (Fig. 9) has been made possible with the chemi- 
cally treated sand. Reduced moisture content, smaller 
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Fig. 9—Sand muller for sand slinger unit equipped wit 
full automatic control for measuring water, tim 
washing muller bowl, return sand addition, new 


addition, bond addition time, mulling and cooling 


time, and discharge time. 


maintenance amounts of bentonite and cereal and t 
elimination of sea coal and pitch, with their troubl 


some residues and water-proofing effects, make the san¢ 


easier for the muller operators to control within a giver 
set of specifications. 

The sand supervisor has a more difficult job of con 
trol because all the working properties are dependent 
upon the chemical coating on the sand grain and th 
grain distribution, which materially affects the working 
surface area. It is imperative that the coating aroun 
the sand grain be maintained by sufficient additions o! 
the chemical solution to counteract any circumstance 
which allow uncoated sand grains to enter the sand 
system, and control the grain distribution for the mos 
efficient working and refractory properties. 

The most important item of control is the amount o 
chemical solution to be added and this is fixed by the 
supervisor. He is guided by the A.F.A. Fineness test 
and the total carbon analyses from the laboratory, but 
the amount of chemical to be added is selected on the 
basis of the actual working properties of the sand in the 
shop. It has been found that, with a given grain dis 
tribution, as the chemical coating on the sand grains 
reduced, there will be an increase in the amount o 
bond additions and a higher percentage of moisturt 
necessary to develop the desired working properties 
Conversely, if the resin coating is held constant, an 
the grain fineness is reduced, the bond additions wil 
increase and the percentage of moisture will be hight 
for good plasticity. The “peeling action” on certail 
pilot castings is also used to determine the percentagt 
of resin coated grains in the sand. 

The sand specifications, the addition of chemic! 
wheat flour and the type of bond is fixed by the supe 
visor. The amount of bond and cereal is varied by 
muller operators to meet the specifications anc they a 
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bv sand tests directly at the mullcts. 
machine unit and five per hour on the sand 
Ihe operators are instructed to add 


(Seven pel 


unit). 
bond, corn flour and water to make a sand 
will have good plasticity and strength, and it is 
nervisor $s responsibility to see that the resin coat- 
| grain distribution are held within set limits 
the percentage of moisture will be within the 
cations. 
neral more control work is necessary to keep the 
cally bonded sands within a given set of speci- 
ns. Intelligent and cooperative personnel to pre 
the sand is a requisite, and their supervisor must 
yood all around foundryman to direct them effi- 


Reduction in Cleaning Costs 


veneral, there has been a reduction in cleaning 
with the use of chemically-treated sand, some cast- 
eing affected more than others. The good shake 
ind refractory properties deliver castings to the 


ning room with a minimum of molding sand, and 


1s greatly improved the work stations where the 
ngs are prepared for subsequent cleaning opera- 
, by reducing the amount of sand to be handled. 
blast time has been reduced as much as 50 per cent 


some cases, and substantially reduced for all castings 


Fig. 8 for illustration of this property. 


One of the most notable improvements has been on 


10 (left)}—Drag sides of oil pan castings—weights are 
and 110 lb. with 3f-in. metal sections. Fig. 11 
(right)—Cope sides of oil pan castings. 


+; 


the finish of the casting surface which had been a verti 
cal surface in the mold. Grinding, for appearance, of 
areas having metal penetration caused by a lack of flow- 
ability has been greatly reduced. 


Reduction in Preparation Time and Materials 


The time necessary to prepare the sand in the mullers 
has been reduced and more sand can be supplied to the 
molding machines. With the synthetic sands, the mix- 
ing cycle was 2.2 min., which consisted of 1.5 min. of 
mulling, after all components of the mixture had been 
added to the muller, and 0.7 min. for loading, adding 
bonds, and unloading. The chemically treated sand 
requires only a 1.4 min. cycle with 50 sec. mulling of all 
components. 

It was quite well established that the 1.5 min. mulling 
time of the synthetic sands (Table 2) was not adequate 
and that the excess of bond and cereal used to develop 
working properties caused a bad shakeout condition 
and reduced the flowability to a point where the finish 
was not good. Additional strength and toughness could 
be obtained by additional mulling and the sand would 
be smoother and free of lumps of bonding material. 

The chemically treated sand is at the maximum 
strength and toughness, which can be developed by a 
bond addition, after 50 sec. of mulling. Prolonged 
mulling does not detract or improve the working prop- 
erties. On two different occasions, a muller breakdown 
occurred and we mulled the sand only 30 sec. for a 
period of 12 production hours with no detrimental 
effects at the shakeout or in the working properties, but 
there is excess bonding material in the sand, when this 
cycle is used and, in time, may cause difficulty. 








Fig. 12—Flywheel casting weighing 460 lb. It ts 33 in. 


5S 
in diameter. 


The additional supply of sand from the same mulling 
equipment increased the potential mold production 
and sharply decreased the time lost waiting for sand. 

Bond and cereal additions at the mullers have been 
reduced with the chemically bonded sand. Average 
additions of the bentonite of 3.4 lb. and cereal flour of 
1.4 Ib. to a 1150-lb. batch of synthetic sand have been 
reduced to 1.7 lb. of bentonite and 0 to 0.3 lb. maxi- 
mum of cereal flour. Sea coal, pitch and other dry car- 
bonaceous materials have been entirely eliminated. 

The materials, which the foundry has been using to 
develop working properties in the molding sands, are 
interchangeable in the chemically treated sands. The 
exceptions would be those materials, such as some of 
the carbonaceous materials, which would absorb the 
chemical and develop no plasticity, or increase the car- 
bon content of the sand beyond a safe limit. 


Extended Range of Castings in One Sand 

By virtue of the use of a finer grain sand with good 
flowability and lower permeability requirements, it is 
possible to extend the use of one chemically treated 
sand mixture over a wider range of castings. The three 
molding machine units are serviced by a common dis- 
tribution belt and shakeout conveyor, and since the 
larger loop (Fig. 13) uses the larger flasks, and usually 
makes the heavier castings, it becomes the dominating 
loop with its influence on the properties of the sand. 
It was, therefore, necessary with the synthetic sands, to 
maintain good finish and, in some cases, prevent mis- 
runs, to use facing sands on most of the smaller castings. 
The manner in which the refractory carbon resin is dis- 
tributed around each grain imparts almost the same 
cleaning action to a thin, light casting as is obtained 
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on a heavy, thick-sectioned casting. This property has 

provided the means to eliminate facing opera 

entirely and increase mold production proportion 
Compare the illustrations of the oil pan (Fig. |' 

11) and the flywheel (Fig. 12) which are made i: 

same sand on the sand slinger unit, and the sprock 

wheel (Fig. 16 and 17) and the motor ends (Fig 

which are made on the same production schedu 

the molding machine unit. 


Personnel Reaction to Chemically Treated Sand 


The men engaged at work in the molding machin 
unit are in hearty accord with the change to the chemi 
cally treated sand. The reduction in dry materials and 
the elimination of sea coa! and pitch in the sand mix 
tures has elicited favorable comment from the sand 
mixing crews. The reduction in ramming opcrations, 
less time lost waiting for sand, and fewer losses of molds 
coming from the machines, could only be favorable in 
its reaction. There are more fumes created at the shake 
out, but they are not toxic, are very much lighter, and 
seem to pass out through the exhausts much more rapid 
ly than those formerly associated with synthetic sand 
containing sea coal. The volume of fumes does not 
seem to affect the shakeout crews, and, as a whole, the 
shakeout operation has been simplified somewhat by 
the sand leaving the castings much easier. The general 
shop atmosphere, we believe, is cleaner. 


Chemically Treated Sand in Sand Equipment 


The Engineering Department at the author’s plant 
made a careful and thorough check of the use of the 
chemically treated sand insofar as sand handling equip- 
ment is concerned. They report as follows: 

1. Cleaner discharge from rubber belts and metal 
conveyors. 

2. Cleaner storage tanks over the molding machines 

3. Bridging eliminated in pant-leg hoppers over mul- 
lers. 


Fig. 13—Drag mold of tractor wheel showing size and 
depth of one of the sand lifts made on the jolt-squeez- 
strip molding machines. In the synthetic sand, there 
was the problem of making the sand sufficiently tough 
to lift out of the wide deep pocket and ram hard enough 
in the close space between rim of the wheel and the flask. 
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5—Fractional horsepower motor end castings 
ng 314 to 41% lb. with %¢-in. metal section thick- 
ness. 


levator cups discharge more completely. 
Less sticking on the sides of elevators. 
Better discharge of prepared sand from conveyor 
ator. 
lhree times as abrasive on the cup and liner in 
nd slinger head as the synthetic sands. 
[wenty times more replacements on muller plows 
speed mullers. 
selection of a sand mixture is wholly dependent 
certain castings entering into the foundry produc- 
chedule. For example, on the sand slinger unit, 
ywheel (Fig. 12) might replace the oil pan (Fig. 
xl 11), or on the molding machine unit, the 
ket wheel, (Fig. 16 and 17), might replace the 
motor ends (Fig. 15). 
[he grain fineness of the sands of both units should 
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be higher, particularly on the machine unit where the 
smaller castings are made and the finish is of more im- 
portance. The exhaust system of the machine unit dis- 
charges into the atmosphere and creates a problem in 
keeping the proper grain distribution. The compara- 


TasiLe 5—CHART OF CHEMICALLY BONDED SAND Mixtures Now In Use 





Jolt-Squeeze Machine Unit Per 


Pound System Sand Mixture Symbol 


1150 


Sand Slinger Unit Per 1600 
Pound System Sand Mixture Symbol 











| A isgi¢éet#ntTs | 
—_ — | | | =e 

| | | | 
Bentonite | 0.50 | 1.00 | 0.75 | 0.00 | 1.50 | 
Bentonite | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 
Flour | 0.50 | 0.50 | 3.00 | 5.00 | 0.25 
Flour 1.25 | 1.50 2.00 | 0.50 0.25 | 
0.00 | 0.00 2.00 | 0.00 | 0.00 
| 4.00 | 2.00 | 3.00 | 3.00 | 3.00 | 
{ Sand | 0.00 | 0.00 0.00 10.00 0.00 
0.00 0.00 0.00 0.00 0.00 





0.00 








NOTI All 1 figures shown in Table | 5 are in quarts of material. 


The snett records are the sand mixtures used between June 15 and August 23, 
No. 90 or No. 
Because of the loss of the fine 


\t the shakeout, measured amounts of No. 60, 
he system or adjust the grain fineness. 
idded to control fineness and No. 60 for bulk (Fig. 4) 


e sludge, indicated : 











| 3 A | B | c | 1 E | F G 
tat: ie aaa A Se 

| 1.75 0.50 | 1.00 | 1 00 | 0.50 | 0.50 1.00 | 2.50 
| 0.00 || 0.00 | 0.00 | 0:00 | 0.00 | 0.00 | 0.00 | 0.00 
| 0.50 0.00 0.00 | 0.00 | 1.00 0.50 0.50 0.50 
1.50 0.00 | 1.50 | 1.00 | 050 | 0.50 | 0.25 | 2.00 

| 0.50 0.00 | 0.00 | 0.50 | 0.50 | 0.00 | 0.50 | 0.00 
| 1.50 2.00 200 | 2.00 | 2.00 1.00 | 1.00 1.50 
| 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 
0.00 10 pounds per 1000 pounds shakeout sand each mixture 





The chemic al is used asa s solution of | one part chemic al and one part 


111 sand 


as an addition, is the material collected from the exhaust system of the sand slinger unit 
fineness of 70 and will consist of fine coated grains, some bond and cereal, 


1946 
as shown in Table 1, are 
grains through the exhaust system, No. 


amount of 


111 is 


added to maintain the 
90 or No 


It will have an 
and water. 


Cer sal flour of the weaker type is preferred because more by volume can be used to provide a better counteraction of the expansion 


ca grain during the pouring operation. 








tively hot shakeout of the castings and some compound- 
ing of the sand grains also influence grain fineness. 

One feature of the sand mixtures and their properties 
as shown in Tables 5 and 6 is that the same green sand 
properties can be maintained and the high tempera- 
ture properties varied to meet conditions without an ill 
effect upon the shakeout. 

At the beginning of operations with the chemically 
bonded sands, Southern bentonite was used in conjunc- 
tion with Western bentonite but was discontinued in 
favor of the Western bentonite-fireclay mixtures as long 
as the higher hot strength properties did not cause 
excessive lumping at the shakeout. 

Recent tests (See Sand F for machine unit, Table 5) 
have indicated that the 10-M molding sand, added in 


Fig. 14—Cope side of 257-lb. tractor wheel casting. 
There was a marked improvement in production of 
this casting in that the chemically-treated sand dras- 
tically reduced the number of “dropped” molds com- 
ing from the machines reduced the cleaning time. 
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treated sand requires a high cereal addition to make 
this casting. Fig. 17 (right )—Cope side of tractor sprocket 


Fig. 16 (left)—Drag side of a 335-lb. sprocket wheel (5 in. 
in thickness at hub and web) poured through pop gates 


over the top of the center hub core. The chemically wheel. 


31% in. in thickness. Fig. 19 (right)—Drag side 


Fig. 18 (left)-Cope side of an automotive flywheel 
motive fiywheel. 


weighing 107 lb. with metal sections ranging from 2 to 
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Fig. 20—Core-setting operation for transmission case 


core shown in Fig. 21. 


TasLe 6—PROPERTIES OF CHEMICALLY BONDED SAND 
Mixtures Now In USE 





Joint-Squeeze Machine Unit Sand Slinger Unit 
Mixtures A, B, C, D, E, F,G Mixtures A, B, C, D, E, F, G 








3.4 to 4.5 per cent 
8.2 to 10.6 psi 


Moisture (Oven Test) 3.2 to 4.4 per cent 
Green Compression §8.3 to 11.7 psi 


0.020 to 0.025 in. Deformation 0.019 to .024 in. 
88 to 134 Permeability 93 to 128 
37 to 49 AFA Fineness 42 to 51 


3.46 to 4.22 per cent Total Carbon 


; NOTE: Our sand control procedure involves control testing in 
the foundry at the mullers and check tests in the main sand lab- 
oratory. In the laboratory at the mullers tests for moisture, green 
compression, deformation and permeability are made seven times 
per hour for the machine unit sand and five times per hour for the 
slinge r unit sand. In addition to these tests, twice each day on 
each unit, a sample is taken for a complete test in the sand lab- 
oratory as shown in Table 6. The working properties shown are 


2.96 to 3.40 per cent 





the lowest and highest result from the laboratory test obtained 
fe rea h item, during the period June 15 to August 25, 1946. 
verage properties for the machine unit would be as follows: 
gre mpression 8.7 to 9.9, permeability 88 to 115, total carbon 
>.40 to 3.90 per cent, and the moisture, deformation and fineness 


rage properties for the sand slinger unit would remain 
\ the following limits: green compression 9.3 to 10.1, perme- 
- y 93 to 115, total carbon 3.06 to 3.40 percent, moisture 
, 3.9 per cent and the deformation and fineness as shown. 











Transmission case weighing 53 lb. A noticeable 


Fig. 21 

improvement in finish and loss by misrun and cracking 

resulted when the chemically treated sand was used 
in this application. 





Fig. 22—Drag side of a tractor drum weighing 100 Ib. 
The surface finish of the four deep pockets must be 
smooth, free from sand, and held to close dimensional 
tolerances because machining operations are jigged 
from these points. Toughness with good flowability 
was required in the molding sand and failure to have 
both exactly right either resulted in a lost mold or addi- 
tional grinding operations in a very difficult area to 
clean properly. 


the form of a bond addition at the mullers, has im- 
proved the working properties. There is not sufficient 
data available at this writing to be definite as to the 
results, but it appears that ample toughness and good 
thermal stability will be developed for all our castings 
with a reduction in the amount of cereal and bentonite 
required for maintenance of sand properties. 

The question of the number of sand mixtures, or the 
number of materials used in one mixture, arises. Con 
sideration must be given to the fact that the castings 
made must be treated as jobbing work on a high pro- 
duction basis and also that the chemistry of all the sand 
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TasLe 7—DATA ON COMPOUNDING OF CHEMICALLY TREATED SAND GRAINS 
Sand Slinger Unit Molding Machine Unit 
Sieve A B Cc D A B c > 
Number| U W U W U W U W U W U W U W U \ y 
30 1.0 _ 1.8 — 1.2 = 2.6 -- 4.0 — 6.8 -— 2.0 a= 3.0 “ 
40 13.6 2.6 17.0 2.8 15.0 5.6 20.0 3.4 20.4 3.8 32.4 3.0 18.2 4.8 17.0 3.6 
50 34.0 11.8 36.2 14.0 32.0 17.6 34.0 16.2 36.0 15.6 33.4 13.0 34.4 18.0 33.6 12.2 
70 35.4 37.6 33.0 36.0 35.0 36.0 30.2 39.2 27.2 37.0 20.0 34.6 30.6 37.0 31.4 31.6 
100 13.0 30.6 12.0 294 13.4 25.4 10.4 25.8 9.6 27.6 5.0 29.4 3 25.0 12.2 9? 
140 2.0 10.0 1.2 9.2 2.42 6.8 1.0 6.8 1.0 7.6 1.0 8.6 8 a S 10.0 
200 =. 2.6 - 3.4 - 2.6 = 1.4 -- 2.0 — 2.8 — 1.6 — 3.0 
270 — 1.0 -_ 06 _ — — 1.4 — 1.0 _ 1.0 — 0.2 — 1.0 
Pan = 2.0 a 1.4 — — — 1.0 = 1.8 —— 2.4 -—— 1.0 24 
Fineness} 46 67 46 64 46 54 43 59 42 63 38 65 44 59 41 65 


















































LEGEND: A, B, C, and D represent samples of sand taken from the molding machine tanks and the sand slinger on different lays. 
U designates the sand as it comes from the storage tank and dried thoroughly to remove all moisture and solvent. 
W designates the same sample as in U, washed by the A.F.A. method of determining clay content. Water was the only flotation 


medium used. 


There is, of course, some compounding of the grains during the actual drying of the sample, but it is comparable to the conditions 
experienced in the mold at some integra! distance from the surface of the hot metal. 





mixtures is held within the same basic group of mate- 
rials. Effort has been made to find a chemically treated 
sand mixture which would serve to make all our cast- 
ings but the type of casting and the range of section 
sizes are too wide. The alternative is to hold a given 
set of working properties, vary the high temperature 
properties to suit the current production schedule, and 
take full advantage of the shakeout properties available 
with the chemically-treated sand. 

The question of compounding of the grains has been 
discussed by foundrymen who have observed and 
worked with this process. The writer wishes to point 
out that the carbon resin, once set on the sand grain by 
evaporating the solvent and water, is insoluble in water. 
Mechanical force may separate some of the grains, but 
if the bond between the grains was the carbon resin 
alone, the breakdown shown in Table 7 would seem to 
be unusual since only a water wash was employed. 

This same amount of compounding is present in the 
regular synthetic sands containing bentonite, cereal 
flour, and sea coal, and the breakdown of the com- 
pounded grain occurs with the same size of grains. The 
compounding illustrated is not advantageous, but it 
cannot be considered a disadvantage when the results 
of the same tests of synthetic sands are tabulated for 
comparison: 


SYNTHETIC SANDS 








Fineness Fineness 
Sand Unwashed Washed 
A 45 62 
B 49 69 
Cc 52 63 
D 35 67 
E 39 51 





Apparently the same amount of compounding of the 
sand grains is in evidence with both the synthetic and 
the chemically treated sands. However, there is no 
question that the finish of the casting made with the 
chemically treated sand is better than that with a syn- 
thetic sand of the same fineness number. 

In a comparison of the sands in the molding system, 
the synthetic sands will lose plasticity and workability 


with a loss of moisture from the muller to the pattern 
plate, while the chemically treated sand will gain plas. 
ticity from the muller to the pattern plate with the 
same loss in moisture. The chemically treated sand will 
lose a higher percentage of moisture because of the 
lower moisture content of sand leaving mullers. 

This gain of plasticity in the case of the chemically 
treated sand is due to the speed at which the resin coat- 
ing can be made plastic, and the time interval between 
the discharge at the mullers and the molding operation 
(20 to 30 min.) is sufficient to bring the sand to the best 
temper. Additional time in the mullers does not change 
the sand materially because only a fraction of a minute 
of allowed time would be available if the production 
rate is to be maintained. As the resin coating nears 
complete plasticity, the compounding of the grains, 
whether the compounding is a result of the cereal- 
bentonite or the chemical, is reduced and an improve- 
ment in finish is obtained. Flowability also improves 
as the temper of the sand improves. 

The synthetic sands would require several hours ata 
moisture content above that desired for molding and 
pouring to attain the best temper. 

Recommendations have already been made to keep 
a larger supply of sand ready for the molding machines 
to take advantage of this improvement in the properties 
of the sand. 


General Conclusions 


The author's experience with the chemically bonded 
sand in his trial production run, to date, has indicated 
that further improvements can be made. Experimental 
work on each of these will unquestionably show tends 
toward refinements of a foundry molding sand which 
we believe has great possibilities now and even greater 
possibilities in the future. The author’s organization 
has benefited in many ways from this work, and we 
hope that we have been able to contribute something 
of value to the foundry industry by using our facilities 
to give the process its first practical application in mast 
production operations. 

Note: All references to chemically-treated sands and the chemi 
cal treatment itself refer to a proprietary product or proces 
known as Westonite, a development of B. M. Weston, Foundry 
Development Engineers, Inc., Detroit, Michigan. 











ce 
in 
el 
tit 


in 
So 


tel 
in 


im 
sal 
wh 
ch: 
the 
cre 
pel 
cor 
hea 


san 





ND 


tern 
plas- 
the 
will 
the 


cally 
COat- 
ween 
{tion 
best 
ange 
nute 
"tion 
rears 
ains, 
‘real- 
rove- 


roves 


sata 
and 


keep 
hines 
PT Lies 


nded 
cated 
ental 
ends 
shich 
cater 
ation 
dl we 
thing 
ities 
mass 
hemi- 


process 
undry 








NS adi 





HEAT TRANSFER 


A.F.A. Committee Report 


REPORT OF THE COMMITTEE CHAIRMAN 


Dr. H. A. Schwartz * 


[HE FIRST PROBLEM taken up by the Heat 
lransfer Committee since issuing its last report con- 
cerned the question of how large an error would be 
introduced into the heat flow analyzer calculations by 
erroneous estimates as to the various thermal proper- 
ties upon which the calculation rests. This project 
was completed at Columbia University and is covered 
in a paper by Dr. Victor Paschkis entitled “Studies on 
Solidification of Castings—Influence of Properties on 
Solidification of Metals.” That report indicates that 
temperature is probably the most critical constant 
involved. 

Since any calculations as to the heat transfer must 
involve assumptions as to the thermal conductivity of 
sand, it became obviously important to determine 
whether the conductivity of this material would 
change with temperature. There was reason to believe 
that the contribution made by radiation should in- 
crease the apparent conductivity with increasing tem- 
perature. It is impossible to examine this problem in 
complete detail, for, in a commercial sand there is 
heat transfer by conduction, by radiation and by con- 
vection (of steam and other gases from the heated 
sand to colder regions). 


Grain Size Affects Conductivity 

To determine the effect of grain size alone on the 
) thermal conductivity of a granular material, experi- 
» ments were conducted under the direction of Dr. 
) H. W. Russell at Battelle Memorial Institute on the 
apparent thermal conductivity of silica sands of vari- 
) ous grain sizes. This work is covered in a paper by 
F. C. Lucks, O. L. Linebrink and K. L. Johnson, 
entitled “The Thermal Conductivities of Three 
Sands.” A study of the conductivity of a sand of 
mixed grain sizes will be reported in the future. 

The work of comparing the results of bleeding tests 
with the results obtained by the heat flow analyzer 
has been continued into the field of cast iron and 
aluminum. In the interest of simplicity, white cast 
iron was chosen to escape the need of considering the 
heat change accompanying graphitization just below 
the solidus. The bleeding tests and cooling rates were 





_* Manager of Research, National Malleable and Steel Cast- 
ings Co., Cleveland, Ohio. 


obtained at the Cleveland Works of the National 
Malleable and Steel Castings Company and the results 
are reported under the title “Freezing Rate of White 
Cast Iron in Dry Sand Molds” by H. A. Schwartz. 

The results on aluminum and some of its alloys 
were obtained through the kind cooperation of Louis 
Kempf and under the supervision of Dr. Kent Van 
Horn in the Cleveland Laboratory of the Aluminum 
Company of America. The results are reported in the 
paper, ‘Solidification Rates of Aluminum in Dry Sand 
Molds,” by H. Y. Hunsicker. 


Bleed Tests Practical 


Considerable difficulty was experienced in the ex 
perimentation with white cast iron due to the growth 
of long and fragile dendrites in the liquid metal. 
Similar difficulties were encountered with aluminum 
alloys but were eliminated with pure aluminum. The 
work on cast iron and on aluminum has, of course, 
practical application. The work on aluminum is inci- 
dentally interesting as applying to a pure metal with 
a fixed freezing point and not a freezing range. This 
results in the need for special expedients in the in- 
vestigation at Columbia University. 

The comparison of the bleeding tests with the 
results predicted by the heat flow analyzer is in 
progress. 

A brief survey has been made by Dr. Paschkis in 
the light of information so far gathered on steel, look- 
ing toward the problem of the relative rate of freezing 
of slabs of different thicknesses poured under the same 
conditions, irrespective of what these conditions may 
be. It is thought that an approach of this character 
may give light on the question of the freezing and 
feeding of castings, without the need of going through 
another experimental or mathematical investigation 
of the absolute time required for layers of various 
thicknesses to form. If this problem can be answered 
in some simplified way, most of the foundryman’s 
needs for this particular purpose would be met. 


Dr. Paschkis’ paper, “Studies on Solidification of 
Castings—Approximate Equation of Steel Castings,” 
may be considered an approach to the development 
of general rules for solidification. 
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This concludes the work completed by the Com- 
mittee during the current year. Work immediately 
ahead concerns a study of the heat conductivity of 
sands and mixed grain sizes, the completion of the 
comparisons between the heat flow analyzer work and 
the laboratory work on the freezing rate of cast iron 
and aluminum and an extension of the work begun 
in the last paper by Dr. Paschkis. The latter study 


HEAT TRAN: : pp 


is based on more extensive work on the heat {oy 
analyzer, and includes a discussion of the slab, the cy). 
inder and the sphere. A comparison of the predictions 
of Columbia with the work of Briggs and Gezc\iys 
on spheres’ conductivity at the National Research 
Laboratory would also prove useful. 

In broadening the experimental base of the Com. 
mittee’s work, it is hoped to extend the investigation 
into at least one of the copper-base alloys. 





INFLUENCE OF PROPERTIES ON 
SOLIDIFICATION OF METALS 


Dr. Victor Paschkis * 
Columbia University 
New York City 


1. Purpose and Scope of Experiments 


The work covered by the present report is a con- 
tinuation of the cooperative program carried out last 
year under the joint sponsorship of the AFA and 
Columbia University. Last year’s work was reported 
in Transactions, American Foundrymen’s Association, 
vol. 53, p. 87 (1945). By the reports, the validity of 
the electric analogy method has been tentatively estab- 
lished. The material on which last year’s experiments 
have been carried out was selected because it was 
believed that the thermal properties for this materia] 
are known with reasonable accuracy. 

The success of the electric analogy method depends 
largely on the correctness of the properties fed into 
the “Heat and Mass Flow Analyzer.” In order to 
cover the different aspects of metal solidification, it 
will be necessary, obviously, to determine properties 
of a great variety of metals. In view of the size of the 
job involved, it appeared desirable to find out the 
relative importance of all thermal properties. The 
purpose of the experiments covered by this report is 
to find out whether all properties are of equal 
importance. 


Study Pouring Temperature Influence 

The ease with which experiments can be carried 
out by the electric analogy method made it possible 
to investigate to some extent the influence of the pour- 
ing temperature and to make a few tests with metals 
other than steel. 

All experiments were carried out for a slab four 
inches thick, poured in sand of 10 in. thickness. In 
the experiments for nonferrous metals a sand thick- 
ness of only 8 in. was assumed. Because of the very 
short solidification times this difference in thickness 
is practically of no influence on the results. 

Because the properties of sand are relatively easy 
to determine, the AFA Heat Transfer Committee de- 
cided to have all work. carried out for the same sand, 
the properties being the same as those used last year. 


* Technical Director of Heat and Mass Flow Analyzer Labora- 
tory, Department of Mechanical Engineering, Columbia Uni- 
versity, New York City. 


These properties are as follows: 
Specific Heat 0.28 Btu/lb/°F 


Density 93.6 Ib/cu ft 
Thermal conductivity 0.9 Btu/ft/hr/°F 
The properties of the steel which were varied, were 
mainly thermal conductivity, volumetric specific heat 
(i.e., density x specific heat), and heat of fusion. From 
certain other experiments it appeared important to 
investigate the influence of a change of solidification 
range. 
11. Preliminary Experiments 
All “Preliminary Experiments” were carried out for 
the following “standard” steel properties and condi- 
tions, unless otherwise noted: 
Thermal conductivity—liquid, 9.2 Btu/ft/hr/°F 
Thermal conductivity—solid, 18.4 Btu/ft/hr/°F 
Specific Heat —liquid, 0.200 Btu/Ib/°F 
Specific Heat —solid, 0.165 Btu/lb/°F 


Density —liquid, 450 Ib/cu ft 
Density —solid, 468 Ib/cu ft 
Solidification range — 2700-2600 F 
Heat of Fusion - 126.2 Btu/Ib 
Pouring temperature — 2845 F 


A-—Lumping Procedure 

As explained in last year’s report, the electric 
analogy method is based on lumping. Casting and 
sand are thought of as being divided into sections or 
lumps. Last year it was found that the size of the 
lumps representing the steel and the sand have to be 
in a certain relationship. This relationship is based 
on the thermal properties of both materials an¢, 
inasmuch as the properties change between liquid and 
solid, the influence of the different methods of |ump 
ing was investigated. The results of lumping on the 
basis of “solid properties” were compared with those 
on the basis of “liquid properties.” In a third com 
bination the lumping was based on the conception 
of the heat of fusion being a thermal capacity. 

The lumping based on liquid properties results in 
values which lie between those of the other two pre 
cedures. The differences between the three types 
lumping are small and therefore all further exper 
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; were carried out with the same kind of lumping 
it used last year, namely “liquid properties.” 


uring Temperature 
iost all previous experiments were carried out 
pouring temperature of 2845 F. The only excep- 
are the experiments holding for a pouring tem- 
ire of 2950 F which were included in Fig. 3 of 
year’s report. This year for one specific case the 
nce of the pouring temperature was investigated 
tematically changing it from 2800 F to 3000 F. 
sults are shown in Figs. | to 4. 
ures 1 and 2 show the frozen thickness plotted 
st freezing time. Figure 1 shows the “start of 
’ and Fig. 2, the “end of freeze.” The results 
immarized in Figs. 3 and 4. In these figures the 
; for solidification of definite points are p'otted 
st the pouring temperature. Figure 3 holds for 
t of freeze” and Fig. 4 for “end of freeze.” In 
of these figures, two curves are shown, one for 
int very close to the steel-sand interface, the other 
he center of the casting. 


Analogy and Bleed Tests Check 


Last year’s experiments proved that the curves for 
start of freeze” check with those obtained by bleed- 
ing experiments. From Fig. 3 it may be seen that, 
measured in time, the influence of the pouring tem- 
perature is very small near the surface but very large 
it the center of the casting. The percentage increase, 
however, is much larger near the surface than in the 

nter. 

In Figs. 3 and 4 the curves are extended to “zero 
time.” The “start of freeze” times, shown in Fig. 3 
ire those necessary to reach the temperature of 2700 F. 
If the steel were poured at 2700 (no superheat), the 
time to reach 2700 F would be zero. Of course this 
case is fictitious. Pouring at 2700 F would be impos- 
sible for this steel. Similarly the point “2600 F, zero 
seconds” in Fig. 4 is fictitious. 

In Fig. $3 the curve for the center follows in its 
upper part approximately a square root law. Let F 
be the superheat (pouring temperature—2700) and the 
subscript denote the pouring temperature in hundred 
degrees Fahrenheit, and t be the time necessary to 
solidify the center, using the same subscript. Fy, 
would then mean the superheat for a pouring tempera- 
ture of 2800 F, or 2800 — 2700 = 100; ¢,, is the corre- 
sponding solidification time. Then Equation 1 holds 
approximately for any temperature between 2800 and 


000 F 
 ) (1) 


Fys tos 
The results ‘are important in connection with the 
selection of the proper superheat. Further informa- 
tion concerning the influence of the pouring tempera- 
ture may be found in the section on Main Experi- 
ments. All experiments in that group were carried 
out tor two temperatures, 2845 F and 3000 F. 








C-Solidification Range 

some doubts have been expressed concerning the 
applicability of the solidification range, as shown in 
the constitution diagram, to the case of rather rapid 
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TIME IN SECONDS 
Fig. 1—Influence of pouring temperature on thickness 
frozen at start of solidification. 


cooling occurring in foundry practice. (See page 95, 
Transactions, AFA, vol. 53, 1945.) The few experi- 
ments discussed in this section were made to show 
how the freezing times would change with the range 
of solidification. Three cases were compared, namely: 

a. Solidification from 2700 F to 2600 F 

b. Solidification from 2700 F to 2650 F 

c. Solidification from 2650 F to 2600 F 


In all instances the total heat of fusion was 126.2 
Btu /Ib. 


The results of the comparison are contained in 
Table 1 and in Figs. 5 and 6. In the table, the first 
column shows the solidification range and the other 
columns the freezing times in seconds, for start and 
end of freeze. For the end of freeze two columns are 
used, one marked “surface,” the other marked “cen- 
ter.” The “center” refers to freezing time of center 
of the slab, whereas the point marked “surface” refers 
to the first lump, which is 0.07405 in. below the 
surface. 


In the table there are four lines, the first three for 
the three different solidification ranges and the fourth 
entitled “2650 to 2600 corrected.” This last line refers 
to the solidification range 2650 F to 2600 F. All experi- 
ments have been carried out for a pouring tempera- 
ture of 2845 F. Thus the superheat for the experi- 
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Fig. 2—Influence of pouring temperature on thickness 
frozen at end of solidification. 
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Fig. 5—Influence of solidification range of steel on 
thickness frozen at start of solidification. 


TABLE !.—HEAT OF FUSION RANGE 





Time in Seconds 





Start of Freeze End of Freeze 
Range Center Surface Center 
2700-2600 585 901 3463 
2700-2650 753 232 3140 
2650-2600 1063 442 3755 
2650-2600 927 212 3445 


corrected 





ments line 1 and line 2 was 145 F, and the superheat 
for the experiment line 3 was 195 F. 

The times in the third line were corrected by multi- 
plying them by a figure found from Figs. 3 and 4 
in the following way: From Fig. 3 or 4 the time was 
read for a pouring temperature of 2895 F which repre- 
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Fig. 4—Effect of pouring temperature on time for solidi- 
fication at end of freeze for center and for layer 0.07405 
in. from casting surface. 


sents a superheat of 195 F above the solidification 
temperature of 2700 F. 

For example, for the “center,” start of freeze, this 
time was 700 seconds. The solidification time was 
then read for a pouring temperature of 2845 F which 
represents a superheat of 145 F. For start of freeze 
at the “center” this time was 610 seconds. The value 
found for the solidification range 2650 F to 2600 F 
(1063 seconds) was reduced by ratio of 610/700 and 
thus the corrected “center” time of 927 seconds was 
found. 

Obviously the corrections represent only approxi- 
mations. It is noteworthy that the corrected times 
for the range 2650-2600 are close to the time for the 
range 2700-2650. 

Figure 5 shows solidification curves for “start of 
freeze” and Fig. 6 for “end of freeze.” The curves 
for the freezing ranges “2700 to 2600 F” and “2700 to 
2650 F” can be compared directly. The comparison 
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Fig. 6—Influence of solidification range of steel om 
thickness frozen at end of solidification. 
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TasBie 2.—SomMe DATA ON FREEZING TIME 
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Conductivity Pouring Temp. 
Buu /ft, Per Specific Heat Heat of Fusion See 2845 F 
hr, F Cent Btu/lb, F Per Cent Btu/lb Per Cent Fig. No Start End 
g 
41104 +20 0.180 —10 126.18 0 10, 14 436 3186 
11.04 +20 0.200 0 126.18 0 7,11 519 3460 
92 0 0.200 0 113.56 —10 9,13 586 2870 
92 0 0.200 0 126.18 0 7-14 598 3463 
7.36 —20 0.200 0 126.18 0 7,11 690 $524 
92 0 0.220 +10 126.18 0 8,12 652 3620 
92 0 0.240 +20 126.18 0 8, 12 695 $995 
7.36 —20 0240 +20 15142 +20 10, 14 773 4750 
11.04 +20 0.160 —20 100.94 —20 10, 14 350 2180 
92 6 0.160 —20 126.18 0 8,12 473 S116 
92 0 0.200 0 100.94 —20 9,13 566 2510 
1s 92 0 0.180 —10 126.18 0 8, 12 514 3340 
92 0 0.200 0 138.80 +10 9,13 621 4022 
| 92 0 0.200 0 151.42 +20 9,13 655 4755 
15 92 0 0.280 +40 126.18 0 8 784 -— 
16 92 0 0.120 —40 126.18 0 8 $75 _ 
i 
with the curves for the ranges “2650 to 2600 F” is 0 , r 11 
< AL ~ Tis en 
more difficult because the latter curves are taken for rep ttt et tHofgis HHS t 
° ° +4 +— 1. tw ~ S$ abe ; re . 
a larger degree of superheat, as explained in connec- Cah See RERE IN BM slay’: @ hy 4BEP Eyl Seeere. 
‘th Table 1 5 t+ ++ 3th SRSA Ae Ja. Sh ote > 
tion with Table 1. 2 1. 44-+-++-+-—_—-++' ff J fat Sp pig 6 ++ 184, 4 
Summarizing, it is apparent that the range of solidi- J, ft y at Lecter it 
fication has a big influence on the freezing times. a +: Si are al ACT 
=n TH YZ %, lAwiA lana ttt aA 
. ° 0.8-—++— A~pee » * Lt ar see eeeee5 
lll. Main Experiments r oat it toee tT ser oeueeeese 
a . , . = 0.6 Ate tet + pat : 
[he experiments reported in this section are sum- 5 Yo Ane 25 2688R 3008 2845 (f, —— H 
: ; : >s ei 2 0.4 “et > aaa +o Fy : ,_ eS > 
marized in Table 2 and results are shown in Figs. 7 0 eeefe etee pf) ero 
to 14. Beer TT] Twas OF Sano 10 1m. 
- . . “ 0 I G 
In Table 2, zero per cent indicates the “standard ¥ er a a. 


properties,” +10 or 20 per cent indicates deviation 
from “standard properties. 
steel. The solid properties were changed propor- 
tionally. 

It is conceivable that only the solid or only the 
liquid properties might change as compared with the 
“standard properties.” 
such cases, where only solid or liquid properties 
| change, may be expected to lie between the times for 
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Fig. 7~Influence of thermal conductivity on start of 
solidification of steel for two pouring temperatures. 
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Fig. 8—Effect of specific heat on solidification at start 
of freeze shown for two pouring temperatures. 


“standard values” and those times obtained with an 
equal change of both liquid and solid. Therefore, in 
order to reduce experimental time, changes on only 
solid or only liquid properties were not investigated. 

Figures 7 to 10 show solidification times for “start 
of freeze,” those in Figs. 11 to 14 for “end of freeze.” 
In all charts solid lines refer to a pouring tempera- 
ture of 2845 F, and broken lines to a pouring tem- 
perature of 3000 F. The influence of thermal conduc- 
tivity can be studied from Figs. 7 and II, the 
influence of specific heat from Figs. 8 and 12 influence 
of heat of fusion from Figs. 9 and 13, and the influ- 
ence of combined changes from Figs. 10 and 14. 

In Fig. 11 the area between two of the curves is 
shaded, indicating that the true values for all condi- 
tions lie between those lines, the accuracy of measure- 
ment not being safe to indicate the values separately. 

The great number of curves make a comparison 
relatively difficult. The time of solidification for the 
center as characteristic point is summarized in Table 3 
and Fig. 15. In the latter figure the solid lines show 
the times referring to a change of specific heat, the 
broken lines the times referring to a change of heat 
of fusion, and the dash-dot lines the times referring 
to a change of conductivity. Straight lines have been 
drawn. The measured points which do not fall on 
the curves are indicated also. 
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Fig. 9—Effect of heat of fusion on thickness of steel 
solidified at start of freeze, for two pouring tempera- 


In Table 3, column 1 shows the deviation of the 
various properties from the standard value, line 3 
(“0”) holding for the standard value. Columns 2, 3, 4 
show the times for change of specific heat, heat of 
fusion and thermal conductivity respectively. As ex- 
pected, an increase of specific heat or heat of fusion 
(compare lines 1 and 3, columns | and 2) prolongs 
the solidification time, whereas an increase of thermal 
conductivity (lines 1 and 3, column 3) shortens the 


solidification time. 


The figures in Table 3 show that the specific heat 
“start of 
than does the heat of fusion. This is surpris- 
ing because the heat of fusion is much greater than 


has a greater influence on the times for 
freeze” 
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Fig. 10—Effect of combined changes on solidification at 
start of freeze. Curves for two pouring temperatures. 





tures. Compare with Fig. 12 for the same conditions 


at the end of solidification. 


the change in heat content (volumetric specific heat 
times temperature drop). The reason for this surpris 
ing behavior may be found in the fact that the heat 
of fusion for each section has no influence on the time 
necessary for the temperature drop of that section 
from 2845 to 2700 F. The heat of fusion influences 
time for “start of freeze” only for any part not yet 
solidified. For example, the heat of solidification for 
the first 0.1 in. under the casting-sand interface will 
influence the “start of freeze” time for the second 
increment of 0.1 in. 

That this reasoning is correct becomes apparent 
from the fact that the “end of freeze” is influenced 
to a greater extent by the heat of fusion than by 
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end of freeze, for two pouring temperature 
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2—Effect of specific heat on solidification at end 


of freeze. Compare with Fig. 9. 
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ig. 13—Influence of heat of fusion on steel poured at 


different temperatures, end of freeze. 
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specific heat. This will become obvious from Table 4. 
For “beginning of freeze” the time drops from 655 
to 566 (1:1.16) for heat of fusion, and from 695 to 473 
(1:1.47) for specific heat. For “end of freeze” the 
ratios are 1:1.90 for heat of fusion, and lIcss, namely 
1:1.28 for specific heat. 

The solidification time for “no specific heat” is zero. 
Accordingly, the line of solidification times plotted 
against specific heat, if extended, would intersect the 
origin. Change of thermal conductivity was studied 
only in the more narrow range. It should be expected 
that with infinite conductivity (zcro resistance) the 
solidification time would again be zero. 


TABLE 3.—RELATIVE INFLUENCE OF CHANGES OF VARIOUS 
PROPERTIES ON “START OF FREEZE” 





Freezing Time (Seconds) 


Deviation, Specific Heat of Conduc- 
Per Cent Heat Fusion tivity 
+20 695 655 519 
+10 652 621 
0 598 598 598 
—10 514 586 
—20 473 566 690 
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Fig. 15—Change in time of start of solidification at 
center as influenced by change in properties. 


TABLE 4.—INFLUENCE OF SPECIFIC HEAT AND HEAT OF 
FusION ON BEGINNING AND END OF FREEZE 





Freezing Time (Sec.) 





Beginning of Freeze End of Freeze 
Deviation Heat of Specific Heat of Specific 
Per Cent Fusion Heat Fusion Heat 
+20 «=§=©655— (CS—(it‘éa és 
0 598 598 3463 3463 
—20 566 473 2510 3116 





In Fig. 16 are shown the results of the three experi- 
ments in which conductivities were changed; on the 
chart the curves have been extended to zero resistivity. 
It will be seen that the two lower resistivity values 
seem to lie nicely on the extended line going to the 
origin. At the highest resistivity it appears that the 
increase of freezing time slows down, the curve bend- 
ing towards the abscissa. 

The results of the conductivity tests for end of freez- 
ing are interesting, inasmuch as a lower conductivity 
results in shorter times for end of solidification. This 
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Fig. 16—Change in time of start of solidification at 
center change in thermal resistivity. 


result seemed puzzling at first, therefore, the experi- 
ments were carried out several times. Between the 
experiments the circuit was entirely disassembled, and 
built up again, and all calculations were checked. The 
same results as previously were obtained. 

The influence of the specific heat on the solidifica- 
tion time of the center can be expressed by the empiri- 
cal equations, 2a and 2b, for 2845 and 3000 F pouring 
temperatures respectively. Let ¢ denote the time in 
seconds and c the specific heat in Btu/lb/°F (liquid) 
then 

t = 2990 c (pouring temperature 2845 F)........(2a) 

t = 4710 c (pouring temperature 3000 F)........(2b) 

The result of combined changes can be studied 
from Figs. 10 and 14, as well as from the figures in 
the last column of Table 2. A change of specific heat 
is more significant than one of heat of fusion, and the 
latter more than one of thermal conductivity, all influ- 
ences referring to change of equal ratios (e.g., 10 per 
cent, 20 per cent, etc.). 


Combined Property Changes 


It was investigated to what extent the different 
changes of properties contribute to a combined change 
of property. For example, test No. 9 with 20 per cent 
increased conductivity and 20 per cent decreased 
specific heat and heat of fusion, showed a complete 
solidification time (start of freeze 2845 F) of 350 sec. 
The test for 20 per cent increased conductivity showed 
a freezing time of 519 sec., that of 20 per cent de- 
creased specific heat 475 sec., and that of 20 per cent 
decreased heat of fusion 565 sec. The solidification 
time for standard properties was 600 sec. 

The freezing time (start of freeze 2845 F) for experi- 
ment No. 9 may now be tentatively written: 


519 x — 878 x 53 _ x Gon = 380 sec. 


600 600 600 
This expression is based on the assumption that the 
freezing time observed under “standard conditions” 
changes, as if all variations of properties would occur 
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independently, or in other words, that the various 
changes may be superimposed. This calculated time 
compares with the observed time of 350 sec. 

Table 5 compares the calculations of freezing ‘ime 
for combined changes of properties with the values 
found in the tests. Except for experiment No. § 
2845 F, the experimental results check reasonably wel] 
with those from the approximate method of calcula. 
tion, illustrated above. 


IV. Other Materials 


In order to get approximate information on thy 
behavior of other materials, experiments Nos. 17 and 
18 were carried out for brass and an aluminum allo, 
respectively. The properties and conditions used jn 
the experiments are shown in Table 6. 

The dimensions of the castings were the same as 
for steel, namely a 4 in. thickness (slab), backed by 
8 in. of sand. Figure 17 shows solidification curves 
for brass, Fig. 18 those for the aluminum alloy. In 
order to compare the results with those of steel, Table 
7 is offered. 

A number of comments are in order: 

a. Originally it was planned to study pure alumi. 
num. However, aluminum, as does every pure metal, 
solidifies at one temperature, rather than solidifying 
over a finite range. Representation by electric analogy 
is more complicated for the case of one temperature 
than for a range of solidification. Therefore an alumi- 
num-copper alloy was selected for the present tests 


Pure Metal Study Complex 


b. Representation of a pure metal or a eutectic 
alloy with one specific solidification temperature 
would be done by feeding current to various points 
of the circuit. The rate would be such that the voltage 
(equivalent to the temperature) would be kept con- 
stant until a given amount of energy had been liber- 
ated (milliampere minutes equivalent to Btu, heat of 


TABLE 5.—SOLIDIFICATION TIME (SECONDS) FOR CENTER 





(Start of Freeze) 
2845 F $000 F 
Exp. Calculated Test Calculated Test 








9 380 350 606 565 
1 446 435 640 610 
8 866 773 1300 1949 


SOLIDIFICATION TIME (SECONDS) FOR CENTER 
(End of Freeze) 





2845 F 3000 F 
Exp. Calculated Test Calculated Test 
“9 2270 2180 2990 2970 
l 3340 3180 4470 4140 
8 5570 4760 6650 6380 





TABLE 6.—SOME DATA ON BRASS AND ALUMINUM ALLO’ 








Property Brass Aluminum Alloy 
Thermal Conductivity 

Liquid 67.2 Btu/ft/hr/°F 99.4 Btu/ft/hr/*F 

Solid 67.2 Btu/ft/hr/°F 99.4 Btu/ft/hr/*F 
Volumetric Specific Heat 

Liquid 57.8 Btu/cuft/°F 35.9 Btu/cuft/*F 


Solid 57.8 Btu/cuft/°F 42.7 Btu/cuft/*F 


Heat of Fusion 65 Btu/Ib 158.3 Bru/lb 
Solidification Range 1733 F to 1661 F 1166 F to 1040F 
Pouring Temperature 1922 F 1292 F 
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Several power supplies and ammeters would 
quired and the course of the experiments would 
her complex. 

it is noteworthy that the “start of freeze” is 
nt for the different metals, but that the differ- 
in times for “end of freeze” are relatively small. 
curate comparison of the freezing times is im- 
le because the superheat for the three metals 
newhat different and hard to compare. But it is 
sus that the freezing times increase with decreas- 
ermal diffusivity. 

Experiments for highly conducting materials are 


substantially more difficult than those for steel. This 
holds true particularly for “end of freeze.” The time 
till the surface reaches the “end of freeze” tempera- 
ture is long, but once the surface reaches that tem- 
perature, it takes only a few seconds to reach the 


same temperature at the center also. If the electric 
experiments are short, the difference in time for solidi- 
fication of various parts of the body are too small for 
accurate measurement. If the electric experiments are 
sufficiently long, leakage causes appreciable experi- 
mental difficulties. These difficulties are less marked 
for the “start of freeze” times. 


V. Further Work 


Recommendations for last year still hold. However, 
in view of this year’s work and with particular reference 
to the selection of “important properties” (i.e., those 
which have great influence on solidification) the fol- 
lowing comments are offered: 

1. Experiments similar to those reported here 
should be carried out for different sand properties. 

2. The experiments hold only for castings in sand, 
not for castings against chills. In studying the influ- 
ence of properties on freezing against chills, the air 
gap time will be important. Therefore the study of 
air gap time is recommended before procecding with 
such experiments. The technique is indicated in last 
year’s report. 


Vi. Summary 
The results of the tests can be summarized as fol- 


lows: 

a. The pouring temperature (superheat) has a 
marked influence on beginning and end of solidifica- 
uon. 

b. The solidification range influences beginning 
and end of solidification an appreciable amount. 

c. The specific heat is the determining factor as 
far as times for beginning of freeze are concerned 
but has less influence on times for end of freeze. 

d. The heat of fusion has a relatively small influ- 
ence on start of freeze and a large influence on end 
of freeze. 

e. Of the three thermal properties, the conductivity 
has the smallest influence on solidification times. 


f£ The pouring temperatures are, of course, a ques- 
tion of production technique. It is important to deter- 
mine accurately the specific heat and with reasonable 
accuracy the solidification range and heat of fusion. 
Conductivity may perhaps be accepted at estimated 
values without making a great sacrifice in accuracy. 
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Fig. 17 and Fig. 18—Behavior of a brass (above) and 
an aluminum alloy (below) at start and end of freeze. 
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TABLE 7.—SOLIDIFICATION TIME FOR CENTER 
OF CASTING 





Brass Aluminum Stcel 

Start of Frecze, sec. 185 71 598 
End of Freeze, sec. $160 $782 3463 
Thermal Diffusivity 

Liquid, sq ft/hr 1.16 2.77 1022 
(Pouring Temp.—Upper Limit 

of Sol.) 
Upper Limit of Sol. 0.109 0.108 0.054 





The A.F.A. Heat Transfer Committee 


The Heat Transfer Committee is the outgrowth of 
a paper presented at the 1944 Annual Convention of 
the American Foundrymen’s Association. Entitled 
“Heat Flow Problems in Foundry Work,” this paper by 
Dr. Victor Paschkis, Columbia University, New York 
City, suggested that heat and mass flow analyzer tech- 
niques might well be used to solve complicated foundry 
heat flow problems. Using these techniques, Dr. Pasch- 
kis simulates heat flow under a given set of conditions 
by using electricity and appropriate electrical circuits. 
Under the sponsorship of the Committee, the electrical 
analogy method is being checked by means of tests car- 
ried out in foundry laboratories using molten metal. 
Present members of the Heat Transfer Committee are: 
Dr. H. A. Schwartz, manager of research, National Mal- 
leable and Steel Castings Co., Cleveland, chairman; 
J. B. Caine, metallurgist, Sawbrook Steel Castings Co., 
Cincinnati; Howard F. Taylor, associate professor, 
Massachusetts Institute of Technology, Cambridge, 
Mass.; E. C. Troy, vice president in charge of research 
and development, Dodge Steel Co., Philadelphia. 











THERMAL CONDUCTIVITIES 


By 


OF THREE SANDS 


Cc. F. Lucks, O. L. Linebrink, and K. L. Johnson 
Battelle Memorial Institute 
Columbus, Ohio 


Synopsis 

The thermal conductivities of three sands were de- 
termined over the temperature range of 750 F to 
2250 F. The sands tested were designated as 20-30, 
50-70 (Ottawa Silica Company), and No. 7 (American 
Graded Sand Company). The sieve analyses for the 
sands are given in Table 8. The unit weights of the 
test specimens for the respective sands were 108, 102, 
and 91 Ib/ cu ft. 

The thermal conductivities of the three sands in- 
creased with temperature. The thermal conductivity 
of the 20-30 sand at 750 F is 3.0 Btu/hr/sq ft/in/°F. 
The value at 2250 F is 8.8 Btu/hr/sq [{t/in/°F. The 
values for the 50-70 sand at 750 F and 2250 F are 
2.6 and 5.2 Btu/hr/sq ft/in/°F, respectively. The 
values for the No. 7 sand at 750 F and 2250 F are 2.1 
and 3.2 Btu/hr/sq ft/in/°F, respectively. 


Specimens 

Four bags of sand, designated as No. 7 sand, were 
received from the American Graded Sand Company. 
This material shall be referred to as No. 7 sand. 

Four bags each of sands designated as 50-70 and 
20-30 were received from the Ottawa Silica Company. 
These sands shall be referred to as 50-70 and 20-30 
sands, respectively. 
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Fig. 19—General construction and location of thermo- 


couples in container used for holding sand during 
thermal conductivity measurements. 


Preliminary tests on each of the sands showed thei; 
“as received” moisture content to be at most only a 
few tenths of one per cent. The screen analysis oj 
each of the sands, dried to constant weight, is given 
in Table 8. 

The container shown in Fig. 19 was constructed 
to retain the sand for the thermal-conductivity tests 
As indicated in the figure, the bottom of the container 
was an 18 in. square copper plate, 14 in. thick. The 
copper was nickel plated to prevent oxidation. The 
21% in. high sidewalls were | in. thick pieces of Bab 
cock and Wilcox K-30 insulating brick. 


TABLE 8.—SrEvE ANALYSIS OF DRIED SANDS 





Sand 
20-30 50-70 No.7 

U.S.Std. Per U.S.Std. Per U.S.Std. Per 
Sieve Nos. Cent Sieve Nos. Cent on Nos. Cen: 
—16 +20 None — 40 +50 None —70 - +80 5 
—20 +25 78 —50 +60 72 —80 +100 76 
—25 +30 22 -—60 +7 27 —100+120 17 
—30 None —70 +80 1 —120+140 2 

—80 None —140 None 





Three inches in from one of the sidewalls, a | in. 
square pillar of the same insulating brick was uscd 
to stabilize the alignment of the 2-hole porcelain 
tubes containing the thermocouples. The 2-hole tub 
ing extended through the one sidewall and the pillar 
to locate the thermocouples in a vertical plane and 
their hot junctions at the center of the specimen. The 
top and bottom thermocouples were approximatel) 
4 in. from the top and bottom sand surfaces, respec 
tively. The three intermediate thermocouples wert 
spaced at approximately 14 in. intervals. 

The sidewalls and pillar were cemented to the 
copper plate. Two 4 in. diameter porcelain tubes, 
approximately 34 in. long, were used as dowel pin 
in each piece to assist in attaching it to the copper 
plate. The sidewall and pillar surfaces in contact with 
sand were coated with Sairset cement. 


Jolt Test Specimens 
In preparing each specimen, the sand was first drieé 
at 400 F for at least 8 hr. The container of Fig. 19 
was placed on a piece of \% in. plywood and thie con 
tainer filled with the dried sand. A 3% in. thick pieced 
plywood was placed on top of the container. Clamp 
applied at the four corners of the unit held the filled 
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{pparatus for measuring thermal conductivity 
In operation, the upper side of the specimen 
i by the electric furnace (shown suspended) , 


r side is maintained at a constant temperature 
by a water-flow calorimeter. 


ner between the %4 and & in. thick pieces of 
d. 
assembly was placed on the jolting machine and 
10 jolts. In general, the thickness of sand de 
| about % in. as a result of this jolting. Sand 
ided to fill the container and, after covering 
| clamping as before, it was jolted 10 more times. 
In weneral, the decrease in thickness which resulted 
ibout 4g in. Sand was again added to fill the 
.iner and the procedure repeated. In general, 
little or no addition of sand was required after 
tal of $0 jolts had been given the specimen. The 
1en was given about 10 additional jolts, making 
a total of approximately 40 jolts. The unit weights 
of the prepared specimens are given in Table 9. 


spt 
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Taste 9.—UNiT WEIGHTS OF THERMAL-CONDUCTIVITY 
SPECIMENS PREPARED WITH Dry SANDS 











Sand Pounds/Cubic Foot 
20-30 Bie 486 = iaeoeel 

50-70 102 

No. 7 91 





Method and Apparatus 


The method, in brief, consisted of maintaining a 
constant elevated temperature on one side of the speci- 
men, observing the temperature gradient through the 
specimen, and determining the rate of heat flow per 
unit area by means of a water calorimeter maintained 
at a constant temperature on the cold side of the 
specimen. 

Figure 20 is a photograph showing a general view 
of the appartus used for measuring the thermal con- 
ductivity of sand. Suspended from the ceiling is a 
Globar furnace containing six heating elements. The 
furnace has an 18 by 18-in. heating area. The furnace 
is lowered onto the specimen which is in place for 
testing, and is used to maintain the top surface of the 
specimen at a constant elevated temperature. 


Temperatures are measured by means of thermo- 
couples. The temperature gradients are obtained at 
the desired temperatures as tangents to a curve, repre- 
senting observed temperatures at five points in the 
specimen, and the distance between points. 

he rate of heat flow is measured by means of a 
water-llow calorimeter. The measuring calorimeter 
is 64 in. in diameter and is surrounded by a 13% in. 
wide annular guard calorimeter which, in turn, is sur- 
rounded by another cooling plate at the same tempera- 
ture, so that an isothermal surface on the cold side 
of the specimen is provided over the entire area cov- 
ered by the Globar furnace. 

ihe specimen was elevated slightly from the calori- 
meter plates by the use of % in. wide by 0.020 in. 
thick strips of asbestos paper. These strips were placed 
to orm a square at the outer edge of the guard calori- 
meter and at the outer edge of the specimen. 
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TABLE 10.—OssERVED TEMPERATURES AT VARIOUS 
PosiTIONs FoR 20-30 SAND 





Position of 
Thermocouple 
From Bottom, 


Temperature, °F., 
Equilibrium State 
9 


In. l 2 $ 4 
20/64 660 880 931 1107 
51/64 971 1282 1368 1589 
81/64 1226 1572 1675 1917 
96 /64 1361 1731 1843 2097 

142/64 1617 2017 2147 2425 





TABLE 11.—OBsERVED TEMPERATURES AT VARIOUS 
PosITIONS FoR 50-70 SAND 





Position of 
Thermocouple 
From Bottom, 


Temperature, °F., 
Equilibrium State 


In. l 2 
20 /64 ’ 7260 0¢€60—~—“‘<‘i«CG 
44/64 1026 1308 
81/64 1451 1811 

112/64 1741 2129 
139/64 1981 2391 





TABLE 12.—OsseRvVED TEMPERATURES AT VARIOUS 
PosITIONsS FOR No. 7 SAND 





Position of 
Thermocouple 
From Bottom, 


Temperature, °F., 
Equilibrium State 


In. l 2 3 
~ 19.5/64 a 476 637 ©4804 
42.5/64 768 1060 1319 
81.5/64 1015 1399 1705 
115/64 1265 1711 2039 
147/64 1519 2022 2415° 


* This temperature at height of 150/64 in. 
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Results 


Observed temperatures at each thermocouple posi- 
tion for each equilibrium condition are shown in 
Tables 10, 11 and 12. 

The thermal-conductivity values calculated in the 
temperature range of 750 F to 2250 F at 250 F inter- 
vals, using the tangents to temperature-thermocouple 
position curves for temperature gradients at the se- 
lected temperatures, are given in Table 13 for 20-30 
sand, Table 14 for 50-70 sand, and Table 15 for 
No. 7 sand. The data of these tables are shown 
plotted in Figs. 21, 22, 23 and 24. 


HEAT TRA spre 


TABLE 14.—THERMAL CONDUCTIVITIES OF 50-70 Sanp 
AT VARIOUS TEMPERATURES 





Thermal Conductivity,® 
Temperature, Equilibrium State 

°F. 1 2 Average 
750 2.55 26 
1000 2.68 3.05 9 
1250 2.79 3.21 3.0 
1500 2.99 3.40 32 
1750 3.46 3.64 3.6 
2000 4.36 4.39 4 
2250 5.20 2 


* B.t.u. hr-lft.-2in.°F-1 





TasiLe 13.—THERMAL Conpbuctivities oF 20-30 SAND 
AT VARIOUS TEMPERATURES 


TABLE 15.—THERMAL CONDUCTIVITIES OF No. 7 Sanp 
AT VARIOUS TEMPERATURES 





Thermal Conductivity® 


Temperature, Equilibrium State 
°F 1 z 3 4 Average 
_  —_. 2 2 oo 
1000 3.34 3.63 3.78 3.6 
1250 3.97 4.09 4.14 4.48 42 
1500 5.32 4.75 4.80 5.05 5.0 
1750 5.98 5.51 5.84 5.8 
2000 6.88 7.60 7.2 
2250 8.81 8.8 


* B.t.u. hr.-!ft.-2in.°F-1 


Temperature, 
°F. 
500 
750 

1000 

1250 

1500 

1750 

2000 

2250 


Thermal Conductivity,® 
Equilibrium State 


2.32 
2.43 


* B.t.u. hr-lft.-2in.°F-1 


2.24 
2.30 
2.39 
2.54 
2.85 


3 Average 

2.0 
1.97 2.1 
2.06 22 
2.14 2.3 
2.32 24 
2.73 2.8 
3.07 3.1 
3.24 32 





Graphical presentation of data from Tables 13, 14, 15. 
on next page 


Fig. 21—Thermal conductivity of 20-30 sand. 


Fig. 22 (upper) —Thermal conductivity of 50-70 sand. 
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. 23 (middle) —Thermal conductivity of No.7 sand. 


Fig. 24 (lower) —Average curves for comparison of 


Ss: 


thermal conductivity of the three sands tested. 
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FREEZING RATE OF WHITE CAST IRON 
IN DRY SAND MOLDS 


Dr. H. A. Schwartz 


Synopsis 

White cast iron solidifying in a dry sand mold 
freezes somewhat rapidly for the first three minutes 
or so. The rate of deposition of solid metal then 
slows up until about five minutes after pouring and 
then suddenly accelerates, the dendrites meeting in a 
little over seven minutes. However, over 45 minutes 
are required for the interdendritic material at the cen- 
ter to freeze completely. A curve is developed giving 
the fraction of the median plane which has solidified 
in various times. 

Uniform Procedure 

For the purpose of comparing the freezing rate of 
white cast iron with that of steel, and for the ultimate 
analysis of these data in the heat analyzer at Columbia 
University, the freezing rate of a 4 in. x 8 in. x 8 in. 
slab, poured in dry sand, was investigated. 

In the interest of uniformity the procedure was 
exactly that described in “Methods Employed to Ob- 
tain Rates of Solidification” by Ken L. Clark of the 
Naval Research Laboratories, as part of the report 
of the A.F.A. Heat Transfer Committee, published in 
Transactions, AFA, vol. 53, p. 88 (1945). The only 
exception was that a header 4 in. high and 4 in. x 8 in. 
in section was added to the top of the slab instead 
of the smaller header used at Anacostia. This was 
done to facilitate molding and pouring. Tempera- 
tures were measured by an optical pyrometer on the 
stream flowing into the mold. It would have been 
preferable to use a thermocouple immersed in the 
stream, but no means was available for protecting a 
thermocouple without introducing prohibitive lag. 

The molds were poured and at various times after 
the metal had half-way filled the test specimen, the 
mold was inverted. The castings were then annealed 
and sectioned 4 in. from the bottom, that is, through 
the center of the test specimen. The size of test speci- 
men was selected upon the advice of Dr. Paschkis of 
Columbia as being so great that there would be no 
edge effects. 

It was found that when the castings were inverted 
to bleed them, the upper surface (as the mold was 
tipped) was likely to be moderately smooth, but on the 
lower surface there was likely to be an accumulation 
of what the foundryman would call “mushy metal” 
which did not run out. It is supposed that this was 
a mixture of liquid metal and portions of dendritic 
stems and branches which were broken off in inverting 
the mold. On this account the thickness of the upper 
and lower surfaces of the bled castings was recorded 
separately. It is the writer’s opinion that the readings 
on the upper surface are more reliable than those 
on the lower surface but are somewhat less than the 
depth at which the first frozen metal was found. 


Data as to the composition, temperature, time of 
freezing and resulting wall thickness will be found in 
Table 16. The results scatter quite badly. 

In Table 17 the results for a given time of freezing 
have been averaged and the curve is, therefore, prob- 
ably somewhat smoothed out. 

One block, No. 13 in the series, having, according 
to the plant analysis, a carbon content of 2.55 per 
cent, manganese content of 0.48 per cent and silicon 
content of 0.87 per cent, was allowed to freeze solid 
around a platinum-rhodium thermocouple protected 
by a quartz tube. The couple and its indicator wer 
calibrated just before use, by comparison with the 
Bureau of Standards calibrated couple. 

The readings were made by taking the stopwatch 
times after the metal reached the level of the thermo- 
couple for 10 F intervals on the temperature scale 
The temperatures read were actually multiples of 
10 F. The fact that the numbers all end in 7 is due 
to the correction of an error to match the calibration 
of the couple. 


Cooling Curve Determined 

The cooling curve at the geometric center of the 
4 in. x 8 in. x 8 in. specimen is shown in Fig. 25. The 
solidus is well marked at about 2087 F. This corre 
sponds to 1142 C, and by interpolation from the 
accepted equilibrium diagrams a temperature of 1135 
C was expected. The liquidus cannot be detected with 
any certainty. The only discontinuity in temperature 


TABLE 16.—ComposiITION, TEMPERATURE, TIME OF 
FREEZING AND WALL THICKNESS 








Serial C, Si, Temp., Time, Thickness 
No. PerCent PerCent °F Min. Top Bottom 
3 2.49 1.01 2490 214% Collapsed 0.40" 
8 2.58 0.90 2540 3 0.43” 0.44" 
12 2.40 0.93 2500 8 0.31” 0.38" 
5 2.56 0.96 2560 3% 0.52” 0.45" 
6 2.50 0.98 2560 31% 0.77” 0.91" 
7 2.55 1.09 2520 8% 0.70” 0.81" 
9 2.50 1.05 2530 4 0.66” 0.75" 
l 2.52 1.00 2480 5 0.49” 0.88" 
2 2.50 0.99 2520 5 0.81% did not drain 

4 2.51 0.89 2530 7 Practically solid. 
10 2.46 0.91 2530 7 Solid (Sides collapsed) 





TABLE 17.—DATA ON RESULTING WALL THICKNESS 














Time, r Thickness, in-———_——> 
Min. Top Bottom Average 
2% ? 0.40 6.40- 
3 0.37 0.41 0.39 
31% 0.66 0.79 0.73 
4 0.66 0.75 0.70 
5 0.65 0.88 79+ 
7 Nearly 2 in. 
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es to be found near the right temperature has 
,arked in Fig. 25 in the neighborhood of 2350 F. 
ther this is the liquidus or not, it is somewhere 
the right temperature, and was reached at the 
of the specimen in just over 10 min. The cen- 
nained partially frozen until the eutectoid began 
ze in about 35 min. and the freezing was not 
ete until after 42 min. During this time interval 
nter was partially solid and partially liquid. 


Dendrite Formation 
is would seem to account for the long branching 
th of dendrites into the solution. Evidently these 
ites will be longer in a region where coo!ing is 
vhat slower, and therefore, they become more 
and more pronounced as their outcr ends penetrate 
and more deeply into the castings. Thus the 
mens bled after 24 or 3 min. had fairly smooth 


surfaces, whereas at 7 min., while the metal obviously 
still contained the liquid phase, the dendrites had 
come so near interlacing that practically nothing 
would bleed out. 


From the preceding it is possible to approximate 
iquidus and solidus temperature of the alloy nor- 
containing 2144 per cent C. From the data in 
\lloys of Iron and Silicon”! the eutectoid composi- 
and the solidus for non eutectiferous alloys can 
pproximated. These are plotted in Fig. 26, form- 
ing part of the iron-carbon diagram in the presence 
| per cent Si. As in all ternary diagrams, the usc 
{ such a pseudo-binary diagram is open to the objec- 
that it does not recognize the fact that the third 
ment, here Si, is not present in equal concentration 
in the solid and liquid. 

[he literature does not contain data for determin- 
ing the conjugate compositions of liquid and solid 
for an alloy of 214 per cent C and 1 per cent Si for 
all temperatures. 


Earl S. Greiner, J. S. Marsh and Bradley Stoughton, “The Al- 
s of Iron and Silicon,” (1933). Published for The Engineering 
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Fig. 25—Cooling curve taken at geometric center of 
# in. x 8 in. x 8 in. white cast iron specimen. 
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In Fig. 26, lines are drawn representing the tem- 
peratures reached at given times (by 5 min. interva's). 
These give, subject to the error just discussed, the 
composition of solid and liquid as a function of time. 
Knowing the two concentrations, their relative 
amounts, to average 214 per cent C, is readily com- 
puted and plotted in Fig. 27. A constant freezing rate 
of the eutectoid is assumed. 

The segregation of silicon toward the liquid would 
shift the carbon concentration toward lower valucs. 
The fact that diffusion may not be rapid enough to 
avoid coring of the solid dendritic branches, L.e., 
higher carbon at their surfaces than at their axes, 
makes the average carbon lower than expected from 
the diagram. The two errors somewhat compensate 
one another so that Fig. 27 is perhaps a closer ap- 
proximation of the facts than would be expected at 
first glance. 

The writer is indebted to Messrs. Zirzow and Oli- 
phant of Cleveland Works for preparing and 
bleeding the molds, and to Messrs. Bock and Young of 
the Research Laboratory for the temperature readings 
during freezing. 
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Fig. 26 (above)—Temperature and composition of 
liquid and solid phases at 5 min. intervals. 


Fig. 27 (below) —Relation between proportion of solid 
phase and freezing lime of white cast iron. 
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SOLIDIFICATION RATES OF ALUMINUM 
IN DRY SAND MOLDS 


By 


H. Y. Hunsicker * 


Synopsis 

The Heat Transfer Committee of the American 
Foundrymen’s Association is attempting to correlate 
data obtained on metal solidification rates by experi- 
mental methods in the foundry with similar data 
which may be determined by a less expensive clectrical 
method. The Cleveland Research Division was asked 
to obtain data on the solidification of aluminum by 
the direct experimental method. 

Unsuccessful attempts were made to determine the 
solidification rate of dilute aluminum alloys contain- 
ing copper, silicon or nickel by the “pour out” o1 
“slush casting’ method. Work with the alloys was 
unsuccessful because of the small temperature gradi- 
ents in the sand castings and the very low mechanical 
strength of the alloys at temperatures slightly lower 
than the liquidus temperature which caused the partly 
solidified layers to pour out of the mold with the 
residual liquid metal. 

Castings in which a solid shell of measurable thick- 
ness could be retained in the mold were produced 
using 99.8 per cent aluminum cast in the form of 
2 in. x 12 in. x 12 in. plates in 10 in. x 15 in. x 16 in. 
baked sand molds. From several castings poured out 
at various time intervals from the instant of casting, 
the average thickness of the solidified layer was found 
to approximate: 

D = 0.0367 \/t—0.11 
where D = thickness of solidified layer, in. 
t = time interval, sec. 


Theory and Practice Agree 

This relation appears to be in good agreement 
with that predicted on the basis of heat transfer cal- 
culations assuming a constant temperature at the cast- 
ing-mold interface throughout the solidification 
period. Extrapolation indicated that a time interval 
of approximately 9 sec after pouring was required 
to dissipate the superheat of the liquid metal, ap- 
proximately 80 F, before solidification started, and 
that complete solidification required approximately 
915 sec. The linear rate of solidification within this 
time interval may be expressed as: 


dD _ 9.01835 
dt 


Thus, the instantaneous solidification rate at the 
start of solidification is indicated to be 6.12x 10° 


* Cleveland Research Division, Aluminum Company of Amer- 
ica, Cleveland, Ohio. 


in./sec diminishing to about 6.07 x 10“ in./sec near 
the end of the solidification period. 

The grain size of the sand castings increased toward 
the center of the section, probably as a result of the 
retardation of solidification rate and preferential crys- 
tal growth, and the density decreased toward the cen. 
ter probably because of increasing obstruction to 
feeding. 

Procedure and Results 

The question of the aluminum alloy composition 
to employ in the tests was given careful consideration. 
Several features were desired! which restricted to a 
certain extent the type of alloy which might be used. 
A solidification temperature range with a solid solu- 
tion type time-temperature curve rather than a sharp 
freezing point was desired, and a range of approxi- 
mately 100 F was preferred. In addition, it was desir- 
able that the thermal properties, latent heat of fusion 
and thermal conductivity, be as accurately known as 
possible. For the latter requirement it was believed 
that as dilute an alloy as possible meeting the solidi- 
fication temperature range would be most nearly satis- 
factory, the thermal properties approaching those of 
pure aluminum. 

The plate casting size initially suggested was 4 in. x 
16 in. x 16 in., and it was desired to provide some 
extension of the vertical dimension to allow feeding 
to compensate for solidification shrinkage. Since a 
casting of this size with the desired mold wall thick- 
ness of 8 in. required a large and heavy mold, it was 
desired to determine whether the casting and mold 
could be scaled down to about half the suggested size. 
Preliminary Experiments 

For the preliminary work to determine the approxi- 
mate time for solidification of 4 in. and 2 in. thick 
plates, core boxes were built and fitted with patterns 
to produce cores and casting cavities of the dimensions 
outlined below: 


Mold Cavity Core External Core Wall 

Dimensions Dimensions Thickness 
4x16x22 in (6 in. feeder) 20x30x32 in. 8 in. 
2x8x11 in. (3 in. feeder) 10x15x16 in. 4 in. 


Cores of these dimensions were produced using 2 
sand mix of the following composition: 
1000 Ib washed silica sand, A.F.A. No. 60 grain 
fineness 
10 Ib corn flour 
2 qt. core oil 
3 qt. kerosene 
18 qt. water 
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The 20 in. x 30 in. x 32 in. core was baked 8 hr. at 
140 F and the smaller core 4 hr. at the same tempera- 
ture. Thermocouples were located in the cavities of 
the two molds at the geometric centers of the lowe 
square portion of the large faces and at 1% in. from 


the casting-mold interface, half the distance from the 
surface to the center of the casting cavity and at the 
center of the casting section. 

he selection of an alloy for the initial experiments 
was based upon consideration of the desired charac- 
teristics outlined above. Since the freezing rate of a 
solid solution alloy with limited solid solubility may 
determine the amount of solute retained in solid solu- 
tion, the choice of alloying element concentration had 
to be estimated from the anticipated solidification 
rate. It was estimated that about 2.5 per cent copper 
might be retained in solid solution at the anticipated 
rate of solidification of the 4 in. thick casting. The 
solidification range of a binary aluminum—2.5 per 
cent Cu alloy at the anticipated solidification rate 
should approximate 200 F, and half this amount of 
solute should produce a solidification range of about 
100 F. 


Alloy Selection Complicated 

There were uncertainties in this calculation, how- 
ever, and a binary aluminum (99.8 per cent)—1.75 per 
cent copper alloy was selected for the first castings. 
An equilibrium cooling curve of this alloy (C2794) 
indicated the liquidus temperature to be 1209 F and 
a slight jog in the curve of 1089 F might be inter- 
preted as the conclusion of solidification or solidus 
temperature. 

A 4 in. x 16 in. x 22 in. casting (weight 140 Ib) was 
cast at 1300 F and allowed to solidify completely with 
<2 gage chromel-alumel couples located at 1% in., 1 in. 
and 2 in. from the casting mold interface with a | in. 
circle at the geometrical center of the lower 16 in. x 16 
in. portion of the casting. The thermocouple poten- 
uals were measured by means of a Speedomax multi- 
ple point recorder. The cooling curve so obtained 
has been replotted in Fig. 28 with notations concern- 
ing the temperature differentials between the center 
and 14 in. locations. 


Fig. 28 (above)—Cooling curve of aluminum alloy 
showing temperature differentials between center and 
outer skin of 4 in. x 16 in. x 22 in. specimen. 


Fig. 29 (below) —Cooling curve of small size aluminum 
alloy test specimen 2 in. x 8 in. x 11 in. 
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The time required for completion of solidification 
is not clearly delineated by this curve, although it is 
estimated that at least 3000 sec (50 min) were required. 
The eutectic (some Al-CuAl, was apparent in the 
microstructure of this casting) probably remained 
liquid until a temperature of 1018 F was attained 
(4860 sec or 81 min). It is evident that a high per- 
centage of the primary Al-Cu solid solution solidified 
at a relativcly constant temperature close to 1200 F. 
Measurable thermal gradients (from surface to center) 


developed prior to the solidification arrest and near 


the final portion of the freezing period. 
An analogous set of cooling curves was also obtained 


on a 2 in. x 8 in. x I1 in. plate with couples located 


in the casting at 4 in., % in. and | in. from the 
casting-mold interface. Thermocouples were also lo- 
cated in the baked sand mold at lateral distances 


of 4 in., 4 in. and | in. from the casting-mold inter- 


face. The cooling curve of the casting (Fig. 29) is 
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Fig. 30—Temperatures developed within sand mold in 
which 2 in. x 8 in. x 11 in. specimen was cast. 


quite similar to that obtained with the larger cast- 
ing and indicated that at least 600 sec were requ-red 
for solidification. Some eutectic may have been pres- 
ent in the liquid state to a temperature of 1018 F 
which was attained alter 1520 sec. The temperatures 
developed within the sand mold are plotted in Fig. 30. 


Pour-Out Tests 


On the basis of the results obtained in the prelimi- 
nary experiments it was decided to employ a 2 in. 
thick casting for the “pour-out” tests. In order to 
minimize end effects, it was desired to increase the size 
of the casting to 2 in. x 12 in. x 12 in. The 10 in. x 
15 in. x 16 in. core box was fitted with a 2 in. x 12 in. 
x 12 in. pattern, and attempts were made to obtain 
satisfactory molds using the sand mix and drying pro- 
cedure employed in producing molds for the steel 
castings, i.e.: 

A.F.A. No. 70 washed silica sand 

§ per cent Western bentonite 

0.5 per cent corn flour 

1.5 per cent foundry dextrin 
The sand was tempered with 4 per cent water. The 
molds were prepared by jolting and hand ramming 
followed by drying 20 hr. at 400 F. The molds pre- 
pared in this manner were quite weak and cracked 
badly alter baking. 


First Experiments Unsatisfactory 

Two of these cracked molds were pieced together 
for pour-out tests. The first casting was poured at 
1300 F, using the binary aluminum-1.75 per cent 
copper alloy and inverted 60 sec from the time that 
the pouring was half completed (mold half filled). 
All the metal with the exception of a thin skin at the 
bottom of the cavity ran out. Ifa thinshell had solidi- 
fied at the other surfaces of the cavity, it was too plas- 
tic to remain in the mold. The second cast'ng was 
inverted 300 sec after pouring and only a small 
amount of liquid metal drained from the cavity. A 
vertical section through the center of this casting is 
shown in the center ot Fig. 31. 
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Since a great amount of difficulty was anticipared 
with cracking of molds prepared from the sand :)ix 
employed for the steel castings, it was decided to ai te; 
the binder and baking time to increase the streng.} 
of the mold. The following sand mix and baking 
time were employed for all subsequent molds, which 
were prepared by jolting and hand ramming: 

1000 lb A.F.A. No. 70 washed silica sand 
10 lb corn flour 
3 qt core oil 
18 qt water 
Bake molds 414 hr at 440 F 
It is believed that the thermal properties of the molds 
prepared from this mix should not differ significantly 
from those of molds made from the sand used for the 
steel castings. 

The next casting (Al-1.75 per cent Cu alloy) was 
made in a mold prepared from the modified sand mix 
and was inverted after 170 sec. The solid (or partially 
solidified) shell fell out of the mold with the remain. 
ing liquid. 


Castings Not Inverted 
The next casting was drained after 180 sec. This 
mold was tilted about 100° rather than inverting 
(180°) in an effort to prevent the solid shell from fall- 
ing from the mold. In this and the previous castings 
the open top of the mold had been covered with 
an asbestos pad 4 in. thick initially at room tempera- 
ture. This cover was intended to prevent solidif:- 
cation at the opening of the mold cavity to alow 
free draining of the residual liquid. However, in this 
and previous molds some solid metal bridged over 
the top of the casting, and when the mold was tilted, 
the small amount of liquid which drained drew the 
side walls of the casting together because air could 

not get in to displace the liquid metal. 
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Fig. 31—Cross sections through the center of 2 in. x !- 


red 


mi 


in. x 12 in. plates cast in baked sand molds and | 
out after times indicated. Aluminum-copper, 
num-silicon and aluminum nickel alloys 
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; then decided to increase the casting section 
pen end of the cavity by providing a flare 114 
‘by 1 in. wide around the entire opening and, 
ion, to cover the open end of the mold with a 
ick transite plate preheated to 1500 F. 


Achieve Free Bleeding 


additional castings were made using the 

aluminum-copper alloy and solidification in- 

of 240, 180 and 120 sec. These three molds 

ted about 100°. The flared mold cavity and 

d transite cover successfully kept the open 

the mold from solidifying and allowed free 

d The casting drained alter 240 sec (section 

to of center in Fig. 31) had apparently solidified 

tely through the 2 in. section at the center. 

I! is also the case in the casting tilted after 180 

se¢ tion to extreme left in Fig. 31). The open-end 

portion of the latter casting collapsed in the mo'd 

during drainage. The solidified portions of the cast- 

ing tilted after 120 sec collapsed in the mold so that 

10 section could be retained for measurement of the 
shell thickness. 


It appeared from the results of the trials just de- 


scribed that in the case of the aluminum-copper alloy 
sufhcient liquid was entrapped in the partially solidi- 
fied shell at temperatures slightly below the liquidus 


that the shell was too weak to remain intact. It was 
considered at this time that a binary aluminum-1.5 
per cent silicon alloy with an equilibrium solidifica- 
tion range of about 135 F (1210-1075 F) might have 
sufficiently greater strength at temperatures slightly 
below the liquidus that the shell would remain in the 
mold. 


Binary Alloys Unsuccessful 


l'wo plates were cast using a 99.8 per cent Al + 1.5 
per cent Si alloy and pour-out times of 120 and 
240 sec. The casting tilted after 120 sec collapsed, 
while the one tilted after 240 sec appeared to have 
almost completely solidified (section to right of c-n- 
ter in Fig. 31). The prospects of attaining the desired 
information using the binary Al-Si alloy did not 
appear hopeful, so the next trials were made using 
a high purity Al-l per cent Ni alloy (approximate 
equilibrium solidification range 1210-1184 F). Again 
castings were tilted after 120 and 240 sec, and the 
behavior closely paralleled that observed with the 
silicon-containing alloy. A section of the 240-sec cast- 
ing is shown to the extreme right in Fig. 31. 


Pure Aluminum Castings 


The results of the trials using dilute alloys contain- 
ing Cu, Si or Ni indicated that these materials, in 
which the partially solidified shell may contain small 
amounts of liquid eutectic at temperatures within the 
solidification temperature range, were too hot-short 
‘o provide data from which to plot the progress of 
solidification by the slush casting method. It had 
been anticipated that this difficulty could be over- 
come by using relatively high purity aluminum, and 
‘wo preliminary castings made using solidification 
intervals of 120 and 240 sec indicated that a solid shell 
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of pure aluminum could be retained in the mold. It 
was then agreed that the work be continued us_ng 
pure aluminum. 

Castings of 99.8 per cent aluminum poured at 1300 
F were drained after the following solidification inter- 
vals: 60, 90, 120, 180, 240, 300, 450, 600 and 720 sec. 
Representative cross sections of these castings with 
the exception of the 600 sec casting, which was made 
after the photograph was taken, are shown in Fig. 32. 
It is evident in this photograph that even the pure 
aluminum castings did not always retain an external 
shape exactly reproducing that of the mold cavity. 
The solid shell formed in relatively short solidification 
intervals did not readily remain in the mold, and at 
longer periods a tendency for collapsing and hot tear- 
ing were evident. 





Fig. 32—Cross sections through the center of 2 in. x 12 

in. x 12 in. plates of 99.8 per cent aluminum cast in 

baked sand molds and poured out after time interval 
indicated. Section at right macroetched. 


The casting which was drained after 720 sec had 
progressed sufficiently near complete solidification that 
the shells from the opposite surfaces were merged to 
a considerable extent. Evidence that a fairly continu- 
ous channel existed at the center was offered by the 
fact that 0.76 lb of metal drained from the casting. 
The effect of solidification from the bottom end of 
the mold is evident in Fig. 32. The selection of a 
length of 12 in., however, appears to have eliminated 
any error from end effect at the casting center. 

The internal surfaces of the castings were fairy 
rough, the roughness increasing with the solidification 
time, and it was believed that the most accurate meas- 
urement of average thickness of the solidified shell 
could be obtained by cutting sections at the center 
of the surface of the castings, determining the volume 
and the area in the plane perpendicular to the thick- 
ness and from this data calculating the average thick- 
ness. Consequently, sections approximately 2 in. 
square were cut from the center of the two ca‘ting 
surfaces, measured in the two directions parallel to 
the casting surface, weighed in water and in air to 
determine the volume, and the average thickness was 
calculated from these measurements. The data from 
such measurements are summarized in Table 18. 

These data have been plotted in the form of a time- 
average thickness relation in Fig. 33. The various 
experimentally determined points form a continuous 
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Fig. 33—Course of solidification of pure aluminum test 
plate determined by pour-out method. 
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From this equation it would appear that subst 
completion of the solidification process in the 2 jn 
thick plates should require approximately 915 se 
The instantaneous rate of solidification can be derived 
from the above equation and is found to be: 


© __ 2990885 
dt 


This function has been plotted in Fig. 35. The 
maximum rate of solidification occurs as soon as the 
superheat has been dissipated (after approximately 
9 sec) and amounts to 6.12 x 10° in./sec. The solidif. 
cation rate diminishes rapidly at first then increas 
ingly slower until at the instant before completion 
(t= 915 sec) it is approximately 6.07 x 10+ in. /sec, 

An attempt was made to check experimentally the 
time required for complete solidification by tempera. 
ture measurements. One 99.8 per cent aluminum cas. 
ing was allowed to solidify completely with thermo 
couples located in the plate at distances of 1% in. and 


TaBLe 18.—VOLUME AND LINEAR MEASUREMENTS, CALCULATED AVERAGE THICKNESS AND DENSITY OF SAMPLEs Cv" 
FROM CENTER OF PLATE CASTINGS DRAINED AFTER VARIOUS SOLIDIFICATION INTERVALS 
(99.8 Per Cent Aluminum) 








Sample Time, Length, Width, Areca, Volume, Average Density 
No. sec. in. in. in. cu. in. Thickness, in. t Gm./cc. (25° C 
60 60 2.308 2.014 4.6483 0.8076 0.0174 7.75 2.6976 
90-1 90 2.045 1.995 4.0798 0.9565 0.237 9.49 2.6977 
90-2 90 2.043 2.030 4.1473 1.0025 0.242 9.49 2.6969 
120-1 120 2.022 1.898 3.8377 1.0988 0.286 10.95 2.6904 
120-2 120 2.020 1.884 3.8057 1.0625 0.279 10.95 2.6936 
180-1 180 2.083 2.022 4.2118 1.6707 0.397 13.42 2.6916 
180-2 180 2.081 2.008 4.1786 1.6580 0.397 13.42 2.6881 

240-1 240 2.140 1.977 4.2308 2.1239 0.502 15.49 2.6934 
240-2 240 2.117 1.973 4.1768 2.2271 0.533 15.49 2.6895 
300-1 300 2.022 1.998 4.0400 2.1337 0.528 17.32 2.6785 
300-2 300 2.028 2.019 4.0945 2.1034 0.514 17.32 2.6827 
450-1 450 2.045 2.058 4.2086 2.8783 0.684 21.21 2.6468 
450-2 450 2.109 2.043 4.3086 2.9693 0.689 21.21 2.6225 
600-1 600 2.025 1.987 4.0237 3.2560 0.809 24.50 2.6502 
600-2 600 2.028 1.977 4.0093 3.1439 0.784 24.50 2.6168 
720 720 2.123 2.018 4.2842 3.7796 0.882 26.83 2.6527 
curve which on examination appeared to be a para- 1 in. from the casting-mold interface. The time 


bola with its vertex at the origin. Consequently, the 
data were replotted, the average thickness of the solid 
shell as a function of the square root of time, in Fig. 
34. The thickness-\/t relation is approximately linear, 
and indicates that the intercept on the zero time axis 
is less than zero thickness. 

This is indicative of a slight time lag (approxi- 
mately 9 sec) in the beginning of solidification which 
might be accounted for by the superheat of the liquid 
metal (approximately 80 F). The parabolic relation 
appears to be in agreement with that predicted on the 
basis of the theoretical consideration of heat transfer 
assuming a constant temperature at the casting-mold 
interface throughout the solidification period.? 

Using Fig. 34 the approximate linear relation was 
fitted to the points by inspection, and the constants 
in the equation of the line were determined graphi- 
cally. This relation may be expressed approximately 
as: 

D = 0.0367 \/t—0.11 
where D = thickness of solid layer, in. 
t =elapsed time from moment 
mold is half filled, sec. 


temperature curves so obtained are reproduced in 
Fig. 36. A measurable temperature gradient between 


Fig. 34—Relation between average thickness of shell 
and time after pouring pure aluminum plate. 
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in. and 1 in. locations developed only after 
1000 sec, and solidification did not appear to 
en complete until 1125 sec had elapsed. This 
ioes not fall on the curve formed by the pour- 
ta, and may be in error due to uncertainties 
nterpretation of the cooling curve. 


tion of Solidification Rate and 
\f rgical Characteristics of the Castings 


1s quite obvious on examination of the inner 
s of the pour-out castings (liquid-solid inter- 
face) that a progressive change in surface pattern and 
ness occurred throughout the course of solidifi- 
of the plates. The increase in dendrite size 
regularity of the liquid-solid interface is appar- 
ent in the photograph of the various sections, Fig. 32. 
This change is further illustrated in Fig. 37, a photo- 
eraph approximately full size of the inner surface of 
castings poured out at various periods ranging from 
90 to 450 sec. 

\ progressive change in color from the thin castings 
which were quite bright to the heavy castings which 
were considerably darker was noted, and it was be- 
lieved that this might be attributable to normal segre- 
gation (migration of impurities toward the last portion 
to solidify). The variation in grain size throughout 
a completely solidified casting is shown in the section 
to the extreme right in Fig. 32. A shell of fine grains 
forms during the early stages of solidification, and as 
the rate of heat extraction is reduced, interference to 
growth between the various crystals apparently blocks 
off those which are not aligned in preferential direc- 
tions resulting in large columnar grains. 


Average Density Computed 


Since the average thickness calculations involved a 
measurement of volume, data were available from 
which the average densities of the several casting sec- 
tions could be computed. The average density data 
is tabulated in Table 18 and has been plotted in Fig. 
38. It is evident that the average density of the solidi- 
fied sections decreased markedly with increasing sec- 
tion thickness. It was considered desirable to derive 
from this data the densities at various points through- 
out the entire casting section. This derivation follows: 









































Fig. 35—Solidification rate of pure aluminum test speci- 
men determined by the pour-out method. 
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Fig. 36—Cooling curve for pure aluminum test spect- 
men. Thermocouples at center and \ in. from surface. 


—_ (‘p,dt 
ste { ‘dt 
where om average density of section of thickness t 
p, — density of thin layer at average distance 
t from casting surface 
§ to, dt =p. ff dt = pt 
From the experimental data the average density, 
a was found to be related to thickness, t, approxi- 
mately as follows: 
pt = 2.7028 — 0.07082 
substituting this value, 
S §o,dt = (2.7028 — 0.0708t?) t 
differentiating, 
pr 2.7028 — 0.0708(3)t? 
2.7028 — 0.2124t2 
p, is the density of a layer of infinitesimal thickness 
at any distance, t, from the external surface of the 
casting, and the plot of this value, the dashed curve 
of Fig. 38, shows a very marked decrease in density 
from the external surface to the center of the casting 
section. This increase in unsoundness toward the 
center of the section is probably attributable to unfed 
shrinkage. 


2.7028 0.0708" 


Conclusions 


1. Satisfactory slush castings could not be obtained 
in baked sand molds using dilute aluminum-copper, 
aluminum-silicon or aluminum-nickel alloys because 
of the low temperature gradients and the extreme hot 
shortness of the alloys at temperatures slightly below 
the liquidus temperature. 

2. Castings in which a solid shell of measurable 
thickness could be retained in the mold after pouring 
out the residual liquid metal were produced using 
99.8 per cent aluminum. 

3. The relation between the thickness of the solidi- 
fied layer and the time interval between casting and 
draining appeared to be parabolic, and the following 
approximate relation was established: 

D = 0.0367 V/t—0.11 
where D = thickness of solidified layer, in. 
t = time interval, sec. 

4. These data are indicative of a short time lag 

from the instant of pouring to the beginning of solidi- 








dendrite size. 
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Fig. 37—Inner surface of pour-out castings at 
time intervals illustrating the progressive chap i 
Reduced one-half. 


























































Fig. 38—Average density, p,, and layer density) 
sections from pour-out castings (99.89, Al 
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fication amounting to approximately 9 sec and attrib- 2.65 
uted to the superheat of the liquid metal. } 

5. The time required for complete solidification a 
was computed from the pour out data to be approxi- > | @ 
mately 915 sec. A cooling curve of a casting which rt vi 
was allowed to solidify completely indicated that “ \ 
about 1125 sec were required. ‘This discrepancy may <3 \ 
be attributable to uncertainty in the interpretation € \ 
of the cooling curve. “a \ e 

6. Solidification rates ranging from 6.12x 103 > 2.60}—- \ t 
in./sec at the start of solidification to 6.07 x 104 7) \ 

. . . . . . z | 
in./sec just prior to completion were derived from the ws \ 
data. \ 

7. An increase in grain size from the surface to the | rt 
center of the castings was evident and is attributed \ 
to the retardation of solidification and probably prefer- \ 
ential growth. \ 

8. The marked reduction in density from the sur- | } 
face to the center of the castings is probably the result 2.55 \ 1 
of increasing obstruction to feeding. | 1 
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STUDIES ON SOLIDIFICATION OF CASTINGS 
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for 
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In the first report of this laboratory to the Heat This report is to attempt to summarize the findings o 

ative 


Transfer Committee, a number of solidification curves 
were shown for steel cast in sand and against a chill. 


the first report* in such a way as to give tc! 


general solutions to the problems of solidificatio: 
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the solutions are presented, it is well to 
that the experiments were relatively limited 
The difficulty of the experiments necessi- 
raging for each experiment the valucs of 
ns. Whereas for the sake of comparison 
ding tests, this averaging is sufficient, it will 
roneous results if it is attempted to obtain 
formulas from these values. Moreover, the 
f changes made was quite limited and there- 
1) the value of such generalizations is limited. 
mplified equations presented below should 
red as a first approach to the setting up of 
iles for solidification. In order to improve 
lity it would be desirable to run more tests 
nalyzer and see how additional values check 
st the equations. 


More Experiments Needed 


In way of example, it should be said here that only 
two castings in sand had been tested, one casting being 
9 in. and the other 4 in. thick. For these two castings 
easonably simple formula can apparently be sct up, 
but to be sure that this formula holds, it would be 
ecessary to compare experiments for valucs between 
those two limits of 2 in. and 4 in. respectively, and in 
,ddition, to find the limits up to which the gencral- 
red formula holds. 

With these limitations in mind, the following equa- 
tions are offered: 


id 


Casting of steel against sand, no chill 


rhe equation holds under the assumption of sand 
at least five times as thick as the half thickness of 
steel. For example, for a slab 3 in. thick the sand 
would have to be 714% in. or more thick. 

rhe rate of solidification can be expressed by an 
equation relating the solidified thickness, L, to the 
time, t, of solidification. It is necessary to write two 
xpressions, one for the earlier parts of solidification 
ind the other for later parts. 

For the early parts of solidification, namely up to 


) the time when 0.4 of the thickness is solidified, the 
» following equation holds: 


L= 0.465 V/t (1) 

In this equation ¢ stands for the time of solidifica- 
tion in seconds, and L for the solidified thickness in 
inches. 

This equation if plotted in a graph, L vs \/t gives 
a straight line. For later parts in the solidification 
beyond the range of the previous equation, the solidi- 
ication can be approximately expressed by the follow- 
ing equation: 

L=188+0.1 267-188 Vt+t (2) 

his equation plotted in the same kind of graph 
as described above, yields a circle with the center 
characterized by the following coordinates: 





\bscissa 9.4 \/sec 
Ordinate 1.88 in. 


*\V. Paschkis, “Studies in Solidification of Castings,” Trans- 
actions, A.F.A., vol. 53, p. 90 (1945). 
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Casting of Sand against a Chill 


The equation holds under the assumption that the 
chills are 0.75 times as thick as the total thickness of 
the stecl casting. For a stecl slab of 3-in. thickness, 
the chill would therefore be 2.25 in. thick. A further 
assumption is, that the chill is backed up by sand 
1.25 times as thick as the steel casting. For a steel 
casting of 3-in. thickness, the sand would be 3.75 in. 
thick. 

A further assumption is that the air gap time may 
be expressed by the following equation: 

t, = 225 L (3) 

Here t, is the time of formation of air gap, and L 
the total thickness of the casting. This equation 
covers the best checking chill tests of the report re- 
ferred to above. 

Under tliese assumptions the solidification process 
can be expressed again by two equations: 

L=0.116 \/t (4) 

Equation 4 is valid up to a time when two-thirds 
of the total thickness is solidified. 

Equation 5 relates the time of total solidification 
with the total thickness of the casting. Equation 5 
reads: 

t= 2.09 + 5.025 L+ 0.365 L? (5) 

The use of cquations 4 and 5 is as follows: First 
plot the early part of the solidification curve from equa- 
tion 4. Then plot the end times for complete solidifi- 
cation from equation 5. Then estimate the missing 
connecting part for the solidification line from the 
end point to the last point found from equation 4. 


DISCUSSION 


Chairman: H. A. Schwartz, National Malleable & Steel Cast 

ings Co., Cleveland 

Co-Chairman: E. C. Troy, Dodge Steel Co., Philadelphia 

Dr. V. Pascukits: In Mr. Hunsicker’s report, temperature 
curves for the sand (Fig. 30) and for the aluminum alloy (Fig. 29) 
are shown. Based on these curves one can calculate the heat 
balance for the end cf freezing, i.e., for 600 seconds after pouring 
The heat extracted from the aluminum alloy is the amount of 
superheat plus the heat of fusion. The heat absorption of the sand 
can be calculated, if we assume, that the sand temperatures are 
the same on all four sides of the casting. This assumption is valid, 
if it is permissible to neglect end effects. 

Actually the corner effects may not be neglected, as may be 
seen frem the following figures. The heat extraction from the 
alloy is 273 Btu per inch of height of the casting. But the heat 
absorption of the sand is 712 Btu per inch of height of the 
casting, provided the isotherms are parallel to the faces of the 
casting. 

Inasmuch as the two figures do not agree, it may be concluded, 
that the casting was not large encugh to warrant assumption of 
heat flow only perpendicular to the sand-casting interface. A de 
tailed proof will appear in next years report of the heat transfer 
committee. 

We also duplicated the aluminum casting on the Heat and 
Mass Flow Analyzer. In our work we originally took the thermal 
properties of the sand to be the same as those used in last years 
work on steel castings, and in this years work on white cast iron 
(Dr. Schwartz paper). We did not find good agreement between 
Mr. Hunsicker's values of solidified thickness and ours. Then we 
looked over the conductivity values for sand, and compared them 
with the findings of Battelle Institute. We noticed, that the con- 
ductivity at the pouring temperature of aluminum is approxi 
mately half as large as the sand conductivity at the high tempera 
ture used in steel and iron casting. We repeated our analysis with 
the lower conductivity values and found very gratifying corre- 
lation between the results of Mr. Hunsicker and ours. 
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C. W. Briccs*: Why did the Heat Transfer Committee take 
this type of unusual size specimen, when they must have known 
from the beginning it would not represent an infinite type of 
casting; and if the corner effect was so pronounced why did they 
not use the sphere type of casting to start with? 

Dr. Scuwartz: The Heat Transfer Committee did not know 
until it got to working with close approaches to complete solidifi- 
cation that slab was not sufficiently near an infinite slab, so that 
the cooling would be right in the middle. We did not know that, 
even though the original dimensions of the slab were based on 
heat analyzers to begin with. 

Perhaps, | should say, that at the start there was not too much 
known about how to approach these problems, and that the com- 
mittee is trying to build itself a structure as it goes along, and it is 
not going to be extremely embarrassed if it finds it makes a mis- 
take on the road. It hopes to rectify those mistakes as it goes 
along. 

W. J. Ktayer’®: From Fig. 24 we apparently should presume 
that the coarser sand has the higher conductivity, but do you think 
that would work also with the lower melting point materials? 
The curves only go down to 800° F. and the aluminum alloy cast- 
ings in some places where we use Albany sand, the temperature 
of the sand never reaches that high temperature. Do you think 
those three lines would begin to come together? 

Mr. Lucks: They are closer together at the lower tempera- 
tures but I would not say they would come together and have the 
same values. 

Dr. ScHWaArRtTz: In regard to these conductivities, a year ago 
I tried to separate the conductivity as such from the heat trans- 
fer by radiation from grain to grain. If we put in a lot of layers 
of fine sand, each step in the radiation transfer goes over a shorter 
range of temperature. Consequently the heat transfer from one 
point to another by radiation is in many steps each proportional 
to the difference of point and the fourth power of two tempera- 
tures. This rate is much less than if you went right in one step 
between the two extreme temperatures existing between two layers 
at given distances apart. It is the same thing as putting in alumi- 
num foil insulation. The shape of the curve is roughly what you 
might think would happen with the summation of the heat trans- 
fer by radiation and the heat transfer by merely conductivity of 
solid material. I am speaking now of the three sands which are 
a portion of this paper as related to the little note the year before 
in which these calculations were made on just the basis of assump- 
tions. 

H. F. FLanpers*: Dr. Schwartz mentioned the effect of radia- 
tion on the conduction of heat in sand molds. It is very likely 
that radiation at the higher temperature is the chief means by 
which heat transfer from one part to the other, from the part to 
the casting and from the casting to the sand. What will this do 
to the mathematical analysis and electrical analysis on the con- 
duction of heat through the sand mold from the casting? 

Dr. Pascukts: It is possible to represent on the Analyzer an 
apparent conductivity curve such as described by Dr. Schwartz: 
the heat transfer through the sand being composed of radiation 
between the grains of sand and of conduction through the sand 
proper. However, so far we have worked with constant proper- 
ties of sand, because all together there is not yet enough known 
regarding the conductivity of sand. With the constant values 
assumed by us, we obtained close correlation of results for steel 
castings as well as for aluminum castings. 

1 Steel Founders’ Society, Cleveland 


2 Aluminum Industries Inc.. Cincinnati 
* University of Utah, Salt Lake City, Utah 
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Dr. ScHwarRTz: The most important variable in «ffe,; 
freezing time here is that variable about which the pl st ¢ 
do nothing and about which the foundryman does ever 

You change your solidification time by the pouring temp, 
ture that you select more than by any other item that « 
the picture. That is if you are interested in the absolut 
which a given object is going to freeze to its center. Th: 
tee is cognizant of the fact that one may be more interested 
the relative times of the different types of sections to 
given thicknesses than the absolute times it takes to fr: Bu 
doing the simplest things first, the Committee is not < 
yet. But I do feel that with the type of investigatio: 
we are now engaged the foundryman can introduce a Jot mor 
variation by peculiarities of his operation than the physicist ¢ 
keep up in the terms of determining physical contents 

Memprr: What are the properties of the sand? Did you ya, 
the heat diffusion? 

Dr. Pascukts: As I mentioned before, we do not vary +} 
properties of the sand. 

Mr. FLanpers: In Dr. Paschkis’ report he said that he extr 
polated his data and came down to zero freezing time. We k; 
that is impossible so I was wondering where else we might ext; 
polate that data. Then the other question deals primarily wit 
the practical application of this method to include the time 
gray iron solidification in particular. I once worked on the solid 
fication of gray iron with respect to the development and use of 
machine tool castings and it is extremely important, in getting 
good structure, that there is sufficient temperature so that the 
metal goes through the solidification range at least at a reasonable 
rate and does not start the chilling action immediately upon 
pouring. What happens is that the mold surrounding the casting 
is heated due to the heat transfer. The idea of superheat that 
has been brought out in this paper, I think is definitely important 
in pointing out that the time of solidification through the solid 
fication range is prolonged and the dendritic pattern is decided 
changed. 

Dr. Pascukis: I cannot entirely agree that extrapolation here 
is improper. If a steel with a liquidus temperature of 2700° F 
poured at 2700° F., then, obviously the time to reach 2700° F. is 
zero. 

Mr. FLANpeRs: I misunderstood your remark. That is per 
fectly all right. I understood you to say that the solidificatior 
time was zero. 

Dr. PASCHKIs: 
2700°. 

Mr. FLAnpers: Not the way I understand it. The solidifica 
tion time is the time during which solidification takes place. \ 
may pour steel that reaches 2700° in zero time but it can stay at 
2700° indefinitely if we extract heat slowly and the solidificatior 
time can become infinite if our rate of heat extraction is zer 

Dr. Pascukts: We have to agree of course as to what we meat 
by “solidification time.” We found, that the time required « 
reach the liquidus line in our electric experiments checked the 
time obtained from bleeding tests. The statement that the solidi 
fication time is the time required to reach the liquidus is thus not 
a premeditated conception, but rather a fact, found empirically 
I personally know as yet no explanation for this behavior. I can 
only repeat, that in a number of experiments we found, that the 
thickness obtained in a given time in bleeding experiments is the 
same as the thickness shown by our electric experiments, if we 
assume the liquidus line to be the criterion of solidification 


The solidification time is the time to reac 


area ® hy / 


as thoue 
iron and 
that sim 


; 
range O 
ange 


basis ol 
cast iro 
has bee 
The sys 
has bee 
on the 
monogt 
contain 
up to tl 
nent to 
lished s 
The t 
presente 
Search | 
lished vy 
carbon- 
use (zer 
cent sil: 
mental | 
will des 
carbon-s 
least, as 
Refer 
availab] 
compou 
conclud 
proven. 
who ga\ 
content 
Chipma 
liquid le 
combins 


The 


cates tha 





Pha 


OF IRON-CARBON-S LICON 





INTERPRETATION OF THE CONSTITUTION 


ALLOYS 


J. E. Rehder * 


Toronto, Ontario 


ABSTRACT 


ind correlation of published experimental data on the 
stem iron-carbon-silicon is shown to lead to the con- 
n that iron-carbon-silicon alloys, at least in the range of 
four per cent carbon and zero to four per cent silicon, act 
: the silicon is all present as dissolved Fe,Si, with the 
iron and carbon acting as a pure iron-carbon alloy. It is suggested 
vat similar reasoning can be applied to the low phosphorus 
n-carbon-phosphorus alloys. 


‘ 
‘ 


[HE TERNARY SYSTEM IRON-CARBON-SILICON is the 
basis of all commercial malleable cast irons and gray 
cast irons, and is of importance in many steels, and so 
has been the subject of intensive study for many years. 
[he system is complex, and only the high iron corner 
has been delineated. In view of the large bibliography 
on the subject, reference will here be limited to the 
monograph The Alloys of Iron and Silicon* which 
contains an excellent summary of technical literature 
ip to the year 1933, and to experimental work perti- 
nent to the development of the present argument pub- 
lished since. 

[he ternary diagram of the complex iron-rich corner 
presented in reference * is the most recent published. 
search for a simplification, and review of recent pub- 
lished work, led to a view of the constitution of iron- 
carbon-silicon alloys in the range of widest commercial 
use (zero to four per cent carbon and zero to four per 
cent silicon), which fits many of the known experi- 
mental data into a simple pattern. The present paper 
will describe the steps leading to a conception of iron- 
carbon-silicon alloys, in this range of compositions at 
east, as iron-carbon alloys containing dissolved Fe,Si. 

Reference (1) reviewed the experimental evidence 
wailable up to 1933 concerning the existence of the 

mpound Fe,Si in the iron-rich iron-silicon alloys, and 

ncluded that its existence was indicated but not 
proven. Since then the work of Korber and Oelsen,? 
evidence of the existence of Fe,Si from heat 

ntent curves, Vaughan and Chipman,’ Darken * and 
Chipman ® leads to the conclusion that silicon acts in 
‘quid low-silicon iron-silicon alloys as though it were 
combined with iron as Fe,Si. 

lhe work of Ihrig* on silicon impregnation indi- 
ates that silicon also persists in solid iron-silicon alloys 
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PERCENT S/LICON 
Fig. 1—Fe-C-Si eutectic compositions. 


as Fe,Si, as analysis of silicon cases shows the silicon 
to diffuse inward from a surface layer of relatively con- 
stant composition close to the stoichiometric propor- 
tions of Fe,Si. It is therefore logical! to investigate iron- 
carbon-silicon alloys, at least in the lower ranges which 
are of commercial interest, from the viewpoint that 
they are iron-carbon alloys with the silicon combined 
with a portion of the iron as Fe,Si. 

The lowering of the carbon content, with increasing 
silicon, necessary to form a ternary eutectic in these 
alloys has been determined experimentally several 
times, and Fig. 1 shows a graph containing experi- 
mental points from The Alloys of Iron and Silicon* 
and from Wuest and Peterson reported by Bolton.* 
The data can be represented by a straight line whose 
equation is 

Eutectic Carbon = 4.30 — 0.30 Si... . (1) 
This relationship is in common use as a means of de- 
termining the closeness to eutectic composition of gray 
cast irons. 

If the silicon in each composition on this line is as- 


* Formerly, Metallurgist, Grinell Co. of Canada, Ltd. Now, 
Metallurgical Engineer, Physical Metallurgy Research Laboratory, 
Bureau of Mines, Ottawa, Canada. 
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sumed to exist in the alloy as dissolved Fe,Si, then each 
per cent of silicon will form 6.97 per cent of Fe, Si and 
“tie up” 5.97 per cent of iron. The pure iron-carbon 
alloy remaining is thus enriched in carbon as a result 
of the iron held by the silicon. It should be noted that 
it is not postulated that the Fe,Si crystallizes out as 
such, or is present as a discrete phase visible metallo- 
graphically. It remains in solution. 

Calculation of the composition of this iron-carbon 
alloy in a ternary eutectic shows that it contains very 
close to 4.30 per cent carbon, or eutectic composition for 
pure iron-carbon alloys. Table | gives the results of 
this calculation applied to a series ol iron-carbon-silicon 
eutectic alloys. It can be seen that the iron-carbon re- 
mainder is of constant eutectic composition tor pure 
iron-carbon alloys, over the range of silicon contents 
shown in ‘Table 1. 

Another way of expressing the results shown in 
Table | is that the iron-carbon eutectic composition is 
constant at 4.30 per cent carbon, but the addition of 
dissolved Fe,Si lowers the percentage of carbon in the 
alloy as a whole by dilution. Iron-carbon-silicon alloys 
may then be conceived as alloys of iron and carbon with 
dissolved Fe_Si. 

It can also be shown mathematically that the assump- 
tion of Fe,Si in the ternary eutectic leads to equation 
(1) aforementioned. This, of course, is a mathemati- 
cal re-statement of Table I. 

Consistency requires that the above reasoning should 
apply to other points on the iron-carbon diagram be- 
sides the eutectic. Figure 2, with experimental points ° 
from The Alloys of lron and Silicon, shows the lower- 
ing of the maximum solubility of cementite (point E 
on the iron-carbon diagram) as silicon content in- 
creases. A line with a slope representing the presence 
of silicon as Fe,Si traverses the experimental points 
satisfactorily. 

The percentage of carbon necessary for pure eutec- 
toid structure, as affected by silicon, is also shown in 
Fig. 2 with experimental points from reference (9). 
Again a line representing the assumption of silicon 
present as Fe,Si traverses the experimental points. 

The eflect on these three important points of the 
iron-carbon diagram as silicon is increased is shown in 
Fig. 3, in which the carbon axis may be considered as 
a vertical view of the iron-carbon diagram. For ex- 
ample, at two per cent silicon the eutectoid carbon will 
be 0.60 per cent, the maximum solubility of cementite 
will be at 1.65 per cent carbon, and the ternary eutectic 
point will be at 3.70 per cent carbon. 

The assumption of the existence of all silicon in 
these alloys as Fe,Si in the range of compositions under 
discussion should show effects on the temperatures of 
transformations. Figure 4 shows experimental data *° 
on the change in eutectoid and eutectic temperatures 
as silicon content increases. As the composition Fe,Si 
is approached it would be expected that eutectoid and 
eutectic temperatures would approach one another and 
become the same as the melting point of Fe,Si. The 
lines drawn on Fig. 4 show that this trend is followed 
for the lower silicon concentrations. 

Experimental work on the alloys of iron and phos- 
phorus as reported by Bolton ** shows the compound 
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Fig. 2 (above) —Effect of silicon on eutectoid cay! 
and solubility of cementite. 


Vig. 3—Effect of silicon on eutectic and eutectoid carboy 
and solubility of cementite. 
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TasBLe 1.—Composition OF Fe-C Liguip iN 
Fe-C-S1 Eutectic ALLoys 








100C 

Si, Cc. Fe,Si, (Fe+C), Fe+C 

per cent per cent per cent per cent per cent 
0.00 4.30 0.00 100.00 4.30 
0.50 4.15 3.48 96.52 4.30 
1.00 4.00 6.97 93.03 4.30 
1.50 3.85 10.45 89.54 4.30 
2.00 3.70 13.94 86.05 4.30 
2.50 3.55 17.42 82.58 4.30 
3.00 3.40 20.91 79.09 4.30 
3.50 3.25 24.39 75.61 4.30 
4.00 3.10 27.88 72.12 4.30 
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I Effect of silicon on eutectic and eutectoid tem- 
peratures. 


Fe.P as a constituent and that phosphorus lowers the 
carbon of iron-carbon-phosphorus alloys in 
the same proportion as does silicon. Since the 

tomic weight of phosphorus ts close to that of silicon, 

ilar iron compounds are concerned, it is logi- 
ropose a similar mechanism for iron-phosphorus 
as tor iron-silicon alloys. ‘This fits well with the 
m practice of adding the percentage of phos- 
phorus to the percentage ol silicon when calculating 

clic carbon by equation (1), the phosphorus and 

7 silicon acting separately but in the same manner and 


cuon. 


Conclusion 
Experimental data on iron-carbon-silicon alloys in 
range of zero to four per cent carbon and zero to 
four per cent silicon is consistent with the assumption 
that all of the silicon is present as dissolved Fe,Si and 
4 the remaining iron and carbon act as a pure iron-car- 
on alloy. The constitution in this range of composi- 
tions at least is therefore one of iron-carbon alloys with 
lissolved Fe,Si, or Fe,Si-Fe,C-Fe. 
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DISCUSSION 

0 Chairman: V. A. Crossy, Climax Molybdenum Co., Detroit. 
| Co-Chairman: Micron Tuiey, National Malleable & Steel 
0 Castings Co., Cleveland. 

Co-CHARMAN TILLEY: From the practical man’s view, when 
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you look at these theoretical figures you wonder why they do 
not correlate with practice. For instance, at 10 per cent silicon 
silvery pig iron, we have 214 per cent carbon, where this 
theoretical figure would be zero. Why do the figures not follow 
the theory? 

Dr. R. SCHNEIDEWIND:! Silvery pig iron naturally is poured at 
a temperature above the eutectic temperature, and if the metal 
comes out of the furnace at 3100 or 5200° F. it will have con- 
siderably more than the eutectic amount of carbon. Most of the 
excess carbon will tend to kish out. Since the temperature is 
above the melting point, the actual carbon content will be above 
the eutectic. With 10 per cent silicon, you will have around 
two per cent carbon. All silvery pigs will contain carbon in 
excess—0.25 per cent at the low silicons and about 1.0 per cent 
in excess at 10 per cent silicon. 

W. D. McMILLAN:2 Does that apply to blast furnace silvery 
iron? 

Dr. SCHNEIDEWIND: Yes. 

Mr. McMILLan: Electric furnace silvery iron will run only 
about 0.5 per cent carbon. Does anybody else have that same 
experience—0.5 per cent carbon with 15 per cent silicon? 

Co-CHAIRMAN TILLEY: I did not know that. 

Mr. Renpver: Everyone is aware of the fact that pig irons and 
silvery pig irons run quite high in carbon—higher than you can 
account for on the basis of Fig. 1, but I do not think you can 
consider pig irons as equilibrium phenomena. They are usually 
poured in chilled molds under conditions that promote maxi- 
mum retention cf carbon, although that should not affect the 
true solubility. In this paper I am talking only about four per 
cent silicon and under. Above that percentage those curves do 
not tie in, and furthermore they do not even seem to add up 
between various investigators. If that curve, when you get above, 
say, 10 per cent silicon, described a loop that would be fine as 
long as everybody agreed that that was what happened. Then 
you would have to find out why. But there does not seem to be 
any agreement above that figure, so I am restricting myself to 
below six per cent silicon as a maximum. 

Then again you can get hyper-eutectic cast iron. It is not 
difficult. Take a hyper-eutectic cast iron, and it is not too diffi 
cult to find some primary dendrites, or what look like primary 
anstenite dendrites in that sample, if properly etched. I have 
always wondered where dendrites came from in a _ hyper 
eutectic cast iron. That is one of the things that may point 
toward an explanation. 

W. H. Wurte:3 We developed a carbon vs. silicon diagram 
for blast furnace and silvery pig irons (Fig. 5). In getting down 


CARBON vs. SILICON 
IN 
PIG IRON 


PER CENT CARBON 





PER CENT SILICON 


Fig 5—Carbon vs. silicon in pig iron 


to about one per cent carbon, at a silicon content of 13.6 per 
cent, we found a definite break in the diagram, There was a 
levelling of that line, showing that the carbon was reduced 
very much less for an increase of one per cent silicon after the 


1 University of Michigan, Ann Arbor, Mich. 
2 International Harvester Co., Chicago. 
* Jackson Iron & Steel Co., Jackson, Ohio. 
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point of 13.6. The entire line was distinctly above the eutectic 
line but roughly parallel to it. It occurs to me, that point at 
14.3 is analagous to the point at which we found a break in the 
curve on the pig iron diagram. Is that possible? 

Mr. Renver: The only reason that particular composition of 
silicon (14.34 per cent) is there is because that happens to be 
the composition of pure Fe,Si. I am not saying that is the way 
the line goes above six per cent silicon. It certainly goes that 
way below that per cent of silicon. 

Dr. Hurst in England has done a lot of work on silicon 
bearing corrosion-resistant iron. As a matter of fact, they run 
about 14 per cent silicon. They show that in cupola melted 
irons you can get appreciable amounts of carbon and you can 
get more than one per cent if you quench the iron in water, 
but even in the normally cast alloys you get an appreciable 
content of carbon, 50 to 60 points, which of course, according 
to the extrapolated line in the paper, you are not supposed 
to have, but I was not talking about silicon contents above 
about six per cent silicon. 

The fact that the pig iron curve for carbon vs. silicon lies 
above that, I think again is simply a question of some super 
saturation. 

Memeer: I have noticed that 10 per cent silicon iron rusts 
considerably. When the silicon content is increased to 15 per 
cent, the iron is stainless. Is that the line of demarcation where 
it changes from a corrosive iron to one that is stainless? 

Mr. Renver: I do not know whether there is an exact point 
or not. I do know that you apparently have to get above 10 
per cent before it starts to become stainless. Of course, that 
lies directly in the field of people who are making the high 
silicon alloys for corrosion resistant purposes, and one of the 
explanations that has been advanced in the literature is that 
you are getting close to that compound, FesSi, and you are 
getting some stainlessness. 

There are a lot of ramifications to this thing. If you take 
X-Ray data you get quite a sharp break in the lattice constant. 
I think it is at about nine atomic per cent silicon, That is 
about six weight per cent. Apparently something different 
happens in there, but there is no agreement on the mechanism. 

There is some analogy between the iron-silicon and iron 
aluminum systems. On the iron-aluminum diagram, there is a 
point, Fe,Al, and aluminum has an atomic weight close to that 
of silicon. No one claims that FegAl is a separate compound, 
but it certainly looks like it on the basis of electrical resistivity. 
It acts that way. 

In iron-aluminum alloys you get what is known as a super- 
lattice formation, due to the presence of Feg,Al. It starts at 
a fairly low percentage of aluminum. In a work published in 
1945 in the Journal of the Iron and Steel Institute (Great 
Britain) on Iron-Aluminum Alloys it is shown that a super 
lattice formation is taking place there. That is the theoretical 
background for some of the matters discussed. I do not think 
it necessary to consider it in the range of silicon content below 
six per cent by weight. 

Dr. SCHNEIDEWIND: I think we ought to congratulate Mr. 
Rehder in making sense out of something that is very highly 
theoretical and about which there is not too much data. I think 
it is quite a contribution to have shown the relationship that 
if we had Fe,Si, it would predict the experimental results. The 
equation of that line is that carbon plus something silicon 
equals four point three. If this intercept is 14.34 and the other 
one is 4.3, does that come out 0.3 or does it come out 0.33? 

Mr. Renper: It comes out 0.301. Incidentally, I was a little 
hesitant about this paper because to some of the practical 
foundrymen it may seem remote from iron-foundry practice. 
But we are only going to learn more about the metallurgy of 
malleable and gray iron in the proportion that we understand 
a little better the reasons behind some of the things that go on. 

To take an example from everyday malleable iron foundry 
practice illustrating this latter point, a foundry was using a 
114-in. sprue test at the furnace for mottle control. The iron 
was duplexed in a cupola-air furnace combination. The sprue 
was poured in an open top core mold and one of the fractured 
ends of the sprue was drilled for chemical analysis. Occasionally 
carbon contents would be much lower than indicated by other 
results and by the fluidity of the iron, and analyses of produc- 
tion castings showed the carbon content to be normal. These 
false low carbon results upset our control and the matter was 
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gone into thoroughly. The cause, when found, prov: 
something that I think may be overlooked sometim: 
normal bar poured in an open top mold, you usual.y oe , 
shrink in the center. If the drillings are taken from 
of the shrinkage area, the analysis will be the same as 
you had poured a shot sample or a thin bar or somet! 
had no shrink in it. That is the analysis of the iron as a le 
But what had happened occasionally was that the ings 
were taken by drilling axially down the sprue almost entiy, |, 
in the shrinkage area, and these drillings were low in « 
We then poured a whole series of bars, on different days ang 


of different compositions, and in every one of them we drilled 
nothing but the shrink with a small drill. The shrinkage areas 
were not discolored or oxidized as they were in the center of 
the bar. Then we took drillings from the solid outer portion 
of each bar. There was about 50 points difference betwee 


the carbon in the shrinkage area and the carbon in the solid 
portion. The shrinkage area is always lower in carbon. The 
silicon is higher by five to eight points in the shrink than it js 
in the iron as a whole. The manganese is about the same 
The sulphur is lower, and the phosphorus is lower in the shrink 
In the shrink, there are mostly primary dendrites. As shown }y 
the iron-carbon diagram there is a considerable amount of pri 
mary austenite dendrites in malleable iron when the solidus js 
reached, and the amount increases for lower carbon malleal)le 
What is being drilled in the shrinkage area is mostly primary 
dendrites from which a good deal of the eutectic liquid has been 
drawn by liquid shrinkage at the solidus. The primary austenite 
dendrites are supposed to be lower in carbon than the body of 
the alloy, and that is what you find. The phosphorus and su! 
phur are lower in the shrinkage area because it is not supposed 
that they do separate out with the primary austenite, but th 
interesting thing is the difference in silicon contents. You would 
expect that they would be the same. Apparently, the silicon is 
not freezing uniformly through the whole mass. If you get a 
shrink you can get a segregation. That was one of thie things 
I had in mind in writing the paper, trying to explain why there 
is a difference in silicon. Any of you who have broken annealed 
castings may have run into the fact that close to your shrink you 
probably have a harder iron. You look at it under the micro 
scope and there is pearlite or cementite close to the shrink. That 
again is tied in with the fact that the silicon content is different 
there. I think this paper may help explain some of those things 

Mr. McMiILLtan: Do I understand correctly that you figur 
that the melting point or decomposition point of Fe,Si is 
around 1200° F.? 

Mr. REHDER: No. The iron-silicon diagram at present is no! 
exactly determined, and many temperature points are in doubt 
What that exact temperature is, I do not think anyone can say 
at present. It apparently is a eutectic point. It is not a melting 
point as such. It is similar to the eutectic point of carbon 
which is 4.3 per cent. 

Co-CHAIRMAN TILLEY: The handbooks give the melting point 
of ferro-silicon as 1200° F., too. 

Mr. ReHper: At the moment, I do not remember the higher 
silicon parts of the diagram. Fifty per cent silicon, of course 
is a long ways from 14 per cent. I cannot answer just off hand 
As a matter of fact with 50 per cent ferro-silicon you are into 
another compound, FeSi, equal molecular proportions of iron 
and silicon. It is well recognized as a distinct compound 

Co-CHAIRMAN TILLEY: The analysis of the shrink area being 
lower in silicon is new to me. I have always attributed the 
cementite which you often find in shrinks to the fact that the 
carbon had no path to migrate, and therefore it did not breal 
up. The silicon may have an effect there. 

Mr. ReHpeER: I was surprised at finding that effect ir 
shrink, but I did it on different days, on different bars, running 
the silicon analyses side by side, the shrink and the solid par! 
and so far as I can see, it does check. 

On the question of not having a migrating path, I usually 
find the cementite in the solid material adjacent to the dendrites 
and my interpretation is simply that your silicon is a little low 
there and for a given cooling rate it will not decompose 

H. L. Day:¢ We should bear one thing in mind about thes 
theoretical curves. They are distinct equilibrium curves. There 


the 


* Auto Specialties Mfg. Co., St. Joseph, Mich. 
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lot of comment about comparing curves with actual 

jur material is seldom in equilibrium. It should be 
these are distinct equilibrium curves 

I would make one point on this question of 

They are based on experimental 


DER 
eing theoretical 
but if the iron-carbon and iron-silicon diagrams 
ed to give an iron-carbon-silicon diagram, using the 
s given in the paper, it will be seen that the effect 
is and solidus curves of introducing silicon into 
yon alloy is to make the alloy act as though it had 
on content. 
esting thing is, the cooling curves published of ordi 
on fall right on the point obtained by moving the 
liagram to the left in accordance with this formula, 
1.3. The curves do check the diagram. They do 
it actually happens in iron that is cooling in the 
ed, of course, it is not small sections that are cool 
Waly 
interesting thing is this, and this has practical signifi- 
you plot fluidity of iron vs. carbon content, the 
reases. As you increase in carbon, the melting point 
n comes down and your fluidity goes up in direct 
until you arrive at the eutectic. Then the fluidity 
ou put one per cent silicon in, you move the eutectic 
the left. If you plot your measured fluidities again, 
inversely proportional to that line, and there again 
ty checks very well with the movement of the diagram 
by silicon 
something of practical interest to the foundryman. 
it this way: It looks like silicon is about one-third as 
carbon in lowering the melting point and increas 
fluidity thereby. That is a practical result of that 


[he paper does a remarkably good job of cor- 
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relating some of the things that we notice, not only in the 


laboratory, but also in the foundry. It ties in very closely with 


foundry operations 
I think there is this point that might be mentioned In 
unless there is more than 


the 


corrosion-resistant alloys of this type 
14.3 per cent silicon the full benefit from 
achieved. In the manufacture of high silicon trons 
is made to reach a silicon content which is just above 14.3 per 


Stainlessness is not 
an attempt 


cent, another indication that perhaps it is the compound FegSi 
in the alloy that makes for stainlessness although one is not 
sure the compound exists in these irons 

Co-CHAIRMAN TiLtey: In ihrigizing, when the outside of the 
metal is impregnated with silicon, what percentage is involved? 

Dr. Loric: It approaches 15 per cent 

Mr. Renper: In the paper I mention ihrigizing. You impreg 
nate iron with silicon and you get a case on it that contains 
between 14 and 15 per cent silicon 
factors. It runs betwen 14 and 15 and even 
case very deep, you do not build up silicon on the outside. 
It builds up to between 14 and 15 per cent and then the whole 
which is another evidence that 


It depends on various 
if you make the 


thing seems to go in en masse 

the Fe,Si proportion is acting as though it were a compound, 

I still do not say it is a compound, but it acts that way 
Incidentally, the diffusion constant for silicon, which is of 


importance in this thing, is about one hundredth of that of 


carbon, as measured from those siliconized cases 
MeMBER: An interesting corollary to this paper is the support 
of the use of the figure 0.5 for the slope of that line. It may 


go a long way in settling this controversy over whether to use 
one-third silicon or three-tenths silicon plus phosphorus, Per 
sonally, I have always favored the three-tenths and I think 
when phosphorus is included with the silicon it will come close 
to what you get when you take one-third 

In establishing an empirical curve for pig iron, which comes 
down on the hyper-eutectic side, I found 0.28 as the slope of 


the line in simply mechanically arranging some 500 points 


Ihe slope of the line was 0.28 which checks closely with that 0.3 








MICRO-RADIOGRAPHY OF GRAY CAST IRON* 


By 


E. I. Salkovitz, J. H. Schaum, and 
F. W. Von Batchelder 


ABSTRACT 

This report is a description of the micro-radiographic tech- 
nique by which graphite in gray cast iron may be studied with 
conventional X-ray equipment. Good results are obtained by us- 
ing an industrial type, tunesten target X-ray tube. The cflects of 
different exposure times, photographic plates, and radialion are 
shown. Photomicrographs and micro-radiographs of the same 
specimens are included in the rept to permit comparison of the 
graphite as observed by the two different methods. By means of 
micro-radiographic techniques, graphite im gray rron ts found to 
be wider, longer, and more uniform in shape than by metatlo- 
graphic examination. ; 


WITH PHOTOMICROGAPHIC TECHNIQUES for study- 
ing metals, a metal specimen is carefully polished, 
etched, and viewed through a microscope at magnifica- 
tions normally as high as 1.000 diameters. By this type 
of examination it is possible to observe inclusions, 
cracks, holes or other defects, as well as such metal 
structures as pearlite, cementite, ferrite, martensite, 
graphite, etc. 

Metallurgists have long taken advantage of the abili- 
ty of X-rays to penetrate metals and reveal the degree 
of density of the subject material on film placed behind 
the specimen and sensitized by the impinging X-rays. 
Naturally, cavities or low density areas in a specimen 
offer less resistance to the passage of X-rays and appear 
on the film as areas more heavily exposed than the sur- 
rounding metal. 


Micro-radiographic Technique 

These two methods of observing metals have been 
combined to form a third known as micro-radiography. 
In micro-radiography, X-rays are directed through a 
thin specimen on to a fine grained sensitive film which 
is then developed and examined under the high magii- 
fication of a microscope. If the various micro-constitu- 
ents have sufficient difference in their X-ray coclhcirents 
of absorption they can be distinguished from each other 
by then variations in density on the exposed film. 

Metallography is only partially adequate for the 
study ol metals, since it ts Limited to the two dimensions 
in the plane of observation. Micro-radiography has the 





* Published with permission of the U. S. Navy Department 
without endorsement of statements or opinions of the writers. 
The authors are on the staff of the U. S. Naval Research Labo- 
ratory of the Office of Naval Research, Washington, D. C., U.S. A. 


advantage of revealing the depth of micro-constituents 
through variations in density. 

The successful application of micro-radiography to 
the study of micro-segregation and micro-porosity in 
nonferrous alloys led to developing the most practical 
operating techniques for studying graphite structures 
in gray iron. 

The size, shape, and distribution of graphite particles 
in gray cast iron have an important influence on such 
enginecring properties as tensile strength, plastic flow 
modulus of elasticity, damping capacity, wear charac- 
teristics, machineability, etc. Many hypotheses have 
becn presented concerning the three-dimensional shape 
of various micro-constituents. The shapes of graphite 
particles in gray iron, lor example, have been described 
as flakes, plates, whorls, nodules, rosettes, etc., and the 
distribution as random, interdendritic, eutectilonn. 


Space Models of Graphite Flakes 


Roll’s method * can be used to construct a space 
model of the true shape of graphite, but the method is 
tedious and requires photographing and _ repolishing 
the same area many times. Between each polishing op- 
eration the thickness of the specimen must be meas 
ured accurately. When sufficient photographic plates 
are obtained they are stacked with the proper spacing 
between them. From this three-dimensional picture, a 
model can then be constructed. 

Because of the difficulty of such a technique only 4 
limited amount of this work has been done and the cast 
iron metallurgist continues with a two-dlimensionil 
concept of graphite. The relatively new tool, micro 
radiography, gives promise of being well adaptcd to 4 
three-dimensional study of graphite in cast iron. In 
this report micro-radiographs are compared with 
photomicrographs of the same gray iron specimens 

The underlying physical principles of micro-radiog: 
raphv and various methods of sample preparation wert 
described in an article entitled “Micro-radiography 
with Routine X-ray Equipment” by E. I. Salkovitz.' 


Because most foundries do not have X-ray diffraction 
tubes, this study was made with an ordinary industria 
yutine 


tungsten target X-ray tube, the type used for 
radiography. 
Specimens of cast iron were obtained anc samples 
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TaBLe 1.—SUMMARY OF MICRO-RADIOGRAPHIC DATA 





SPECIMEN 











—SPECTOGRAPHIC PLATE 


Fig. 1—Fixture for mounting specimen. 


0.005 in. thick prepared in accordance with one of the 
| methods described in reference (1). In addi- 
tion to these, another method was tried and found to 
ynsiderable time. With a thin cut-off wheel a 

n of cast iron ;!; in. thick was prepared. One side 

is polished on Aloxite paper and on 3/0 French 


se\ 


papel 
\ fixture, illustrated in Fig. 1, was made by drilling 
a |¢-in. hole in one of the legs of an L-shaped piece of 
The specimen was fastened to the fixture with 
medium or hard deKhotinsky cement, so that the un- 
lished surface was available for further preparation. 
rhis was done by heating the brass plate over a gentle 
flame, coating it with cement, and pressing the speci- 
men to the plate, so that it was centered over the hole 
By use of a grinding wheel and then Aloxite paper, the 
sample was reduced to a thickness of approximately 
0.005 in. 
Finally the sample was polished on 3/0 paper. The 
re polishing operation required 2pproximately one 
half hour. Instead of removing the sample, the as- 
sembly was taken into the dark room, and a small 
spectrographic plate placed over the sample as indi- 
cated in the sketch. The back of the spectrographic 
late was covered with black paper to prevent fogging. 
unit was then clamped in front of the X-ray tube 
' the radiograph taken. 
From an examination of the absorption coefficients 
arbon and iron it is indicated that any wavelength 
nger than 0.5 Angstroms can be used successfully to 
graphite in cast iron. Although the highest de- 
‘contrast is obtained when copper or nickel radia- 
used, the white radiation of a tungsten target 
adequate for this purpose. Regardless of the 
radiation, graphite appears black in the micro- 
iph because it is less absorbent than iron. The 
iliographs in this 1eport were made with a 150 
Kilovolt medical X-ray unit. The tube was operated at 
0” kilovolts because, at this relatively high value, the 
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Spectro- 
Fig. Sample graphic 
No. No. Plate 


Photomi- 
crogiaph 
Photori- 
crograph 
Type V 


Type 548 


Type 548 
Type 548 
Type V 

Photomi 
crogranh 
Photomi 
crograph 
Photori 
crograph 
Type 548 
Type 548 


Type 548 


Type 


Type 548 


Same as 
Fig. 5A 

Type V 

Photomi 
crograph 
Photomi- 
crograph 
Photomi 


crograph 


Type V 


Type V 


Type 548 


Type 548 


Photori- 
crograph 
Photomi- 
crograph 
Photoemi- 
crograyrh 


Type V 


Type V 


Type 548 


Type 649 


Type V 


Type 649 


Type 649 


Type V 


Type 548 


Exposure 
Technique 


W rad. 60KV 5 ma. 
30 sec. distance 8 in. 


W rad. 6OKV 10 ma. 


5 min. distance 8 in 


W rad. 60KV 10 ma. 
5 min. distance 8 in 
Fe rad 35K V 10 ma. 
2 hrs. distance 6 in. 
W rad. 6OKV 5 ma. 
30 sec. distance 8 in. 


W rad. 60KV 10 ma. 
5 min. distance 8 in. 


Fe rad. 35KV 10 ma 
2 hrs. distance 6 in 

W rad. 6OKV 10 ma 
5 min. distance 8 in. 


Fe rad 
2 hrs. distance 6 in. 


W rad. 6OKV 10 ma. 


5 min. distance 8 in 
Same as Fig. 5A. 


W rad. 60KV 5 ma. 
30 sec. distance 8 in 


W rad. 6OKV 5 ma 
30 sec distance 8 in 


W rad. ORV Sma 
30 sec. distance 8 in. 


Fe rad. 35KV 10 ma. 


2 hrs. distance 6 in 
W rad. 6OKV 10 ma. 
30 sec. distance 8 in 


W rad. 6OKV 5S ma 
30 sec. distance 8 in 


Fe rad. 35KV 5S ma. 
5 min. distance 6 in. 


W rad. 60KV 5 ma. 


5 min. distance 8 in 


Fe raddis 35 
5 hrs. tanceK V6 in. 
W rad. 6OKV 5 ma 
30 sec. distance 8 in. 


Fe rad ' 
5 hes. distance 6 in. 


Fe rad. 35KV 19 ma 
5 hrs. distance 6 in. 


W rad. 60KV 10 ma. 
30 sec. distance 8 in. 


W rad. 6OKV 5 ma. 
5 min. distance 8 in. 


35 KV10 ma. 


10 ma. 


35K V 10 ma. 


Magnifi- 


100X 
$00X 

30X 
100X 


100X 
100X 
100X 

SOX 
500X 
S00X 


30X 


30X 


100X 


cation 


Remarks 


Unetched 
Etched 


Good definition and contrast. 
Shows distribution of graphite 
A hit erainv—Good contrast 
and definition. Shows graphite 
distribution 

Same as Fig. 2D—but different 
area 
Higher 
definition 
Underexposed 
tion than Fig 
Unetched 


contrast and better 


Poorer defini- 
3B due to grain 
Unetched 
Etched 


than Fig. SA 
distribution 


contrast 
graphite 


Less 
Shows 
better 
High contrast, sharp defimition. 
Dendritic structure clear 

Old developer used, plate dried 
in air blast which was too hot— 
result—very mottled micro- 
radiograph 
Different area from Fig. PS 
Same as Fig. 5A at higher mag 
Still very high contrast and 
sharp definition 

Same as Fig. 5B. Very grainy— 
can still detect graphite 

Same as Fig. SA. Priat was 
overexposed.—Seems to im- 
prove contrast 

Too grainy—slighi indication of 
dendrites. Contrast better in 
Fig. 6A 

Unetched 


Unetched 
ktched 
Clearly shows den 


Contrast poor. Defini- 
Graphite is verv fuzzy. 


Grainy 
drites 
tion poor 
Same micro radiograph as above 
Very grainy. Have reached the 
ultimate in magnification for 
this micro radiograp 

Improved contrast and defini- 
tion 

Grainy but shows 
structure very well. 
Unetched 


dendritic 


Unetched 


Etched 


~ Good contrast and definition. 


30X 


100X 


Dis- 
clearly 


Dendrites very apmarent 
tribution of graphite 
<hown 

Stightly grainyv—dendritic 
graphite distribution apparent. 
Retter contrast than Fig. 9C 
Considerable artifacts in film 
probably due to careless proces- 
sing. Underexposed. Approxi- 
mately same area as in Fig. 9C, 
Less grain. Den:irites very ap- 
parent. Good contrast 
Extremely high dearee of con- 
trast. Dendritic structure ap- 
parent. 

Same radiograph as Fig. 9C, but 
higher mag. Grainy. Shows 
graphite very we!l. but cannot 
see dendrites due toenlargement. 
Same mi ro-radiograph as Fig. 
108. Different area eclereed— 
Portion of sections un‘ler- 
exposed. Definition and con- 
trast still very good 

Same micro-radiograph as Fi 
10D around S o'clock Still high 
contrast and very good defini 
tion. Grain beginning to show. 
Grainy. Clearly shows den- 
dritic structure. Defin tion poor 
Graphite is very fuzzy. Note 
how propagation of crack is in- 
fluenced by dendrites 


¢ Same micro-radiograph as Fig. 


10A, enlarged. Mottled due to 
poor processing technique and to 
a drying air blast which was too 
bot. Contrast is still good. 
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intensity of the X-ray beam is much greater and ex- 
posure time considerably shorter than required at some 
lower and perhaps more desirable potential. For com- 
parative purposes, micro-radiographs were also made 
with iron radiation at 35 kilovolts. Three different 
types of spectrographic plates were employed, Eastman 
Cype V, 548-O, and 649-GH, having resolving powers 
of 170, 500, and 1,000 respectively. All plates were 
processed ina D-19 developer and fixed in X-ray fixing 
solution. Developing time was one minute for Type V 
and five minutes for Types 548 and 649, at 68 F. The 
longer time for the latter two resulted in improved 
contrast. 

It was found advisable to filter the developer and 
fixing bath daily to remove suspended matter which 
might damage the emulsion. Some of the micro- 
radiographs were dried in a warm air blast, carefully 
The rest of the 
micro-radiographs were dried in a conventional X-ray 


film dryer. When dry, the micro-radiographs were ex- 


avoiding overheating the emulsion. 


amined under the microscope and suitable areas pho- 
tographed at various magnifications on ortho-commer- 
cial film. The best observations of the micro-radiograph 
are made directly with the microscope itself, rather 
than from a photographic print. 

For simplicity, the experimental data and observa- 
tions have been divided into two parts; the develop- 
ment of a micro-radiographic technique for gray iron 
and a metallurgical analysis of the micro-radiographs 

Ihe pertinent data for the first phase of this discus 
sion is contained in Table 1. The individual micro 
radiographs appearing in Figs. 2 through 11 should be 
observed in conjunction with the data in Table 1. 

For magnifications of 30 diameters, sufficient defini 
tion is obtained with spectrographic plate Type V, and 
relatively short exposure times are possible when this 
plate is used. As the examples show, it is possible to 
detect graphite, its distribution and dendritic struc- 
ture. Definition suffers severely at magnifications of 
100 diameters because of the grain of the emulsion. 
Plate Type 548 can be used for magnifications of 100 
diameters without special care and plate Type 649 for 
magnifications as high as 300 diameters under the sam¢ 


conditions 


Fig. 3—Additional micro-radiographs of Sample A at 


100 
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Fig. 2—A, photomicrograph unetched at 100x; B 


etched, 500X; C, micro-radiograph at 30X; and D, « é 
100X of Specimen A, with 3.32% C, 1.70% Si 9 


0.51% Mn, 0.093%, S, 0.20%, P, balance, Fe. 


Figure 11D is included to show the results of care 
lessness. The drying air blast may have been too hot, 
causing the mottled appearance. From the 
micro-radiographs it is quite apparent that iron radia- 
tion provides higher contrast than tungsten radiation, 
at the expense of increased exposure time. Sufficient 
detail is obtained, nevertheless, from plate Type V and 
tungsten radiation with an exposure time of only 30 


various 


seconds. 

Photomicrographs and micro-radiographs of th 
same specimens were made to permit comparisons of 
the two- and three-dimensional appearance of graphite 
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1, photomicrograph, unetched at 50X; B, un- 
500; C, etched at 500X; and D, micro-radio- 
of Specimen B. Fig. 5 (below) —Addi- 
tional micro-radiographs at 100X. 
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Figures 2A and 2B are conventional photomicrographs 
of Specimen A, at 500 
diameters etched, respectively. Specimen A is a pearlitic 


100 diameters unetched and 
gray cast iron with a small amount of free ferrite, con 
taining 3.32 per cent carbon, 1.70 per cent silicon, 0.51 
per cent manganese, 0.095 per cent sulphur, 0.20 per 
cent phosphorus and Brinell Hardness Number of 153 
Ihe metal was poured at 2680 F into a green sand mold 
The casting from which specimen A obtained 
5 x 4 in. 

Figure 2C is a micro-radiograph of the same speci- 


was 


9 
= X 


measured approximately 
men at 30 diameters. It is immediately apparent that 
the quantity of graphite visible in a specimen approxi- 
mately 0.005 in. thick is greater than the amount ob- 
served in the single plane of a photomicrograph. The 
flakes in Fig. 2C are broader at 30 diameters than those 
in Fig. 2A at 100 diameters because the micro-radio- 
graph reveals the true maximum width rather than the 
width exposed at some random plane which is prepared 
In Fig. 2A the 
graphite varies considerably in width and presents a 
broken line on the surface whereas in Fig. 2C the 


for a metallographic examination. 
> 


graphite flake actually has a uniform width and is 
longer than indicated in a photomicrograph. These 
size, shape, and quantity characteristics of graphite are 
apparent in all the comparisons which follow. The 
crossing of graphite flakes in different planes is clearly 
evident in Fig. 2C. In Figs. 2D, 3A and 3B inclusive, 
the same area is shown at 100 diameters. (Fig. 2D is an 
enlargement of the area in the 5 o'clock position in Fig. 
2C). It will be observed that the higher magnification 
permits more detailed study of the individual flakes. 
Figure 3C is another photograph at 100 diameters of 
the same plate shown in Fig. 2C. The photograph is 
underexposed and seems to be more sensitive to dif- 
ferences in thickness of the graphite flakes. The images 
of most of the flakes have a uniform density indicating 
a fairly consistent thickness throughout their length. 

Figures 4A, 4B and 4C are photomicrographs of 
specimen B at 50 diameters unetched, 500 diameters 
unetched, and 500 diameters etched, respectively. 
Specimen B is a completely pearlitic gray iron contain- 
ing 2.43 per cent carbon, 2.10 per cent silicon, 0.53 per 
cent manganese, 0.043 per cent sulphur, and 0.24 per 
cent phosphorus. The specimen was obtained from a 
standard arbitration bar, 1.2 in. in diameter, 18 in. 
long, poured at 2700 F into a vertical mold made of a 
synthetic sand mixture. 

Close examination of Fig. 4A reveals a tendency of 
the graphite to follow a unique pattern. This condi- 
tion is identified as Type E in the A.F.A. graphite 
standards. Previous investigators have theorized that 
this type of graphite outlines the original austenite 
grain boundaries. Figures 4D and 5A give a marked 
verification of this distribution by micro-radiography. 
The dendritic solidification of the metal and the inter- 
dendritic pattern of the graphite is clearly evident. 
The undesirability of this distribution from the stand- 
point of the many continuous planes of weakness is 
evident. Figure 5B shows this graphite enlarged 100 
times. The variations in photographic density along 
the length of the graphite flakes may indicate changes 
in thickness; in some cases a portion of a flake may have 
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been removed in sample preparation. 
Figures 5C, 5D, 6A aid 6B are described in Table 
|! and have been discussed in previous paragraphis 


They are included to show the effects of changing the 


type of radiation, the voltage, and the type of plate. 
Figures 7A, 7B and 7C are photomicrographs of speci 
men C at 50 diameters unetched, 500 diameters un- 
etched, and 500 diameters etched. This specimen was 
cut 114 in. from the tip of a wedge shaped casting in 
the area often identified as the “smoky” 
zone. The metal contained 2.91 per cent carbon, 1.99 
per cent silicon, 0.50 per cent manganese, 0.044 per 
cent sulphur, and 0.26 per cent phosphorus. 

Ihe graphite in this iron may be identified as A.F.A. 


“sooty” ol 


lrype D—interdendritic, random orientation. A eutec- 
tic-appearing precipitation of fine flakes instead of in- 
dividual flakes (as in Type E) seems to outline the 
original austenite grains. The micro-radiographs, Figs. 
7D, 8A and 8B, however, show the dendritic develop- 
ment of the metal and the grains outlined with graph- 
ite. Figure 8C has been included to show the tree-like 
dendrites with graphite between the branches. From a 
comparison of Figs. 7D, 8A and 8B with Figs. 4D and 
5A, the differences between type D and E graphite can 
be observed. The individual flakes of Type E are 
rather sharply defined whereas the finely divided type 
D graphite appears somewhat diffused. 

Figures 9A, 9B and 9C are photomicrographs of 
specimen D at 50 diameters unetched, 500 diameters 
unetched, and 500 diameters etched. The sample was 
cut from a 1.2-in. diameter irbitration bar containing 
3.07 per cent carbon, 2.20 per cent silicon, 0.84 per 
cent manganese, 0.111 per cent sulphur, 0.088 per cent 
phosphorus, 1.38 per cent nickel, 0.50 per cent molyb- 
denum, and 0.65 per cent chromium. lhe graphite in 
Fig. 9A is a mixture of the grain boundary and random 
distribution types. Similar to specimen B, the dendritic 
development of the matrix is evident in the micro- 
radiographs (Figs. 9D to 10C). In these same figures, 
one can observe both random graphite and inter- 


Fig. 7—A, photomicrograph unetched at 50X; B, un- 

etched at 500; C, etched at 500X; and D, micro-radio- 

graph at 20X of Sample C with 2.91% C, 1.99% Si, 
0.50% Mn, 0.044% S, 0.26% P, balance, Fe. 


{dditional micro-radiographs of Sample C; A and B at 
30 and C at 100. 
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1, photomicrograph, unetched at 50X; B, un- Fig. 10—Additional micro-radiographs of Sample D; A, 
1 at 500; C, etched at 500; and D, micro-radio B and C at 30, D, at 100X. 
at 30% of Sample D with 3.07% C, 2.20% Si, 
Mn, 0.111%, S, 0.088%, P, 1.38% Ni, 0.50% Mo, 
0.65% Cr, balance, Fe. 


dendritic graphite. The higher magnification and 
sharper contrast of Fig. 11A permits better observation 
of graphite. Figure 11B is the area located in the 5 
o'clock position in Fig. 11A. The magnification of this 
micro-radiograph, Fig. 11B, is 300 diameters, the high- 
est reproduced in this report. The changes in density 
can be noted along the length of some of the flakes. In 
Fig. 10D, which is at the same magnification as Fig. 
11A, the matrix is obscured by the grain of the film but 
the random flakes are visible. 

Figure 11C has been included to show a small crack 
detected by micro-radiography. The crack is definitely 
interdendritic since it travels along the arms of adjacent 
dendrites. 

Although it is not within the scope of this report to 
present a detailed study of graphite, nevertheless some 
observations can be made. The dimensions of the flakes 
as indicated by photomicrographs are misleading. It 
has been clearly demonstrated that micro-radiographs 
are a means of showing the true size, shape, and orienta- 
tion of graphite. In all instances the graphite is wider, 
longer, and more abundant than was previously as- 
sumed from photomicrographs. The width of flakes as 
measured on the micro-radiographs vary from 0.0001 
to 0.002 in., while the photomicrographs show a maxi- 


Fig. 11—Additional micro-radiographs of Sample D; A, 
at 100, B, at 300X, C, at 30, and D, at 100X. 
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mum width of only 0.0005 in. In Fig. 4D, the inter- 
dendritic graphite flakes appear to be half as wide as 
the dendrite arms. This is not disclosed by photo- 
micrographs. Indeed, in the photomicrograph the inter- 
dendritic nature of these flakes is not even shown. 

The dendritic development of the matrix during so- 
lidification is shown by several of the micro-radiographs. 
Since these dendrites lie at all angles in space, they are 
not as apparent in photomicrographs. Under the micro- 
scope, type D and E graphite appear to outline the 
original austenite grain but X-rays clearly reveal their 
consistent distribution between the arms of the den- 
drites. Evidently the low melting eutectic mixture is 
trapped in the dendritic interstices where it solidifies 
and rejects graphite simultaneously. The expansion of 
the graphite probably fills any interdendritic voids 
created by the shrinkage of the solidifying metal. Al- 
though all metals solidify in a dendritic system, it is 
not usually possible to observe the dendrites. Fortu- 
nately in gray iron, Type D and E graphite are pre- 
cipitated between the arms of the dendrites and when 
revealed by micro-radiography, serve to outline the in- 
dividual dendrites. When the graphite has a random 
distribution, it is impossible to observe this dendritic 
structure. 

Summary and Conclusions 

The graphitic structure in gray iron can be studied 
advantageously by the micro-radiographic techniques 
described in this report. 

An industrial type tungsten-target X-ray tube is suit- 
able for the study of graphite in gray iron, although 
better results may be obtained with an iron target tube. 

With plate Type V, graphitic and dendritic structure 
may be detected and magnified at least 30 diameters in 
cast iron specimens measuring 0.005 in. thick by using 
tungsten radiation for 30 seconds at 60 kilovolts and 10 
milliamperes at a distance of eight inches. 

For higher magnification with good definition and 
better contrast the very slow, finer grain plates, Types 
548 and 649 are recommended. 

The micro-radiographs presented herewith show that 
graphite is actually wider, longer, more uniform in 
shape, and more abundant than shown in photomicro- 
graphs. 

A.F.A. type D and E graphite lie between the arms of 
the dendrites and serve to outline the individual den- 
drites when observed by micro-radiography. 
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DISCUSSION 


Chairman: V. A. Crossy, Climax Molybdenum Corp., Detroit. 

Co-Chairman: H. N. Myers, Perfect Circle Corp., Hagers- 
town, Md. 

Member: Can you tell me the procedure used in making these 
microradiographs? 

Mr. Von BATCHELDER: The microradiographs were made on 
Eastman Spectrographic Plate 548, 649 and Type 5, depending 
upon the amount of magnification desired. We have gone up 
as high as 300 diameters. We are trying to go to higher magnifi- 
cation but are limited to the grain of the film. 
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J. T. MacKenzie:1 It seems to me, looking through | 
section, that you could not get as short a section as y 
the conventional photomicrograph. Take any flake—y 
to cut it every time you take the conventional photomicrog, - 
but you see the whole of it in the x-ray unless it lay 5 EI 
the 0.005-in. thickness specimen. And that 0.005 in 
could improve that to, say, 0.05 in., it would be a 


because the flakes of graphite, say anything like No. 2 r4 | 
would not be wholly in your section. 
Mr. ScHauM: We realize that the technique can stand a 


of improving. The status of microradiography today 

to that of x-ray examination of castings ten or twent 

ago. We have high hopes that three-dimensional x-ray 

of graphite can be made by the stereoscopic system in w 
either the specimen or the tube is moved a short 
between exposures. The advantages of using a thicker specimer 
might be offset by the longer exposures required. 

Mr. Von BatTcHELDER: Not only would you go to longer 
exposures but it would probably amount to exposure time ; 
hours instead of minutes. Also, your structure may not be per 
fectly in alignment; it is randomly distributed throughout Witt 
a 54-in. specimen you would not get a dendritic structure. \; 
would get a total blackening effect similar to that of an indus 


trial radiograph. There is a maximum thickness you can worl B cast 
with. It is our opinion that a specimen 0.005 in. thick is bes abili 
from the standpoint of economy and pick up of graphit 

Dr. MAcCKENziE: You would have to consider the amount ney 
graphite in the specimen. Of course, if you took a fine graphit alth« 
specimen and made it 0.05 in. thick, you would have so man ; suita 
graphite flakes in that volume that you could not tell then the « 
apart. I was thinking of the slightly larger flakes which unde: stant 
100 magnifications show about an inch, which is quite a com yon 
monly used grade of iron. That flake is at least 0.01 in. long I! 
as shown by the conventional photomicrograph, so you could exper 
not get more than half of the 0.005-in. thick specimen. man\ 

R. G. Tosey:2 Do the results at 300 diameters enlargement 
secured with the Eastman Spectroscopic Plate 649, justify the or 
longer exposure time as compared to 200 diameters enlargement with 
available by use of the faster 548 emulsion? expel 

Mr. VON BATCHELDER: If you are really interested in higher ; ful ef 
magnification it does justify the excess exposure time required and t 
with the 649 plate. But in most cases, in this paper, on pra “ne 


tically all the work we have done you can use the 548 plat 
especially in a study of graphite, and get the results needed 
because you do not have to go to high magnifications. Whe: 
you go to 200 or 300 diameters you cut down the field of view A s 
so much that all you see is a few graphite flakes presented there 


You do not see the dendritic structure. But if you are real ee 
interested in high magnification, it would pay to go to the finest of coy 
grain film obtainable. trodu 
Co-CHAIRMAN Myers: I was wondering about the statement tional 
made that perhaps the flakes are somewhat thicker than we 3 
believe, thinking about a flake that might be inclined along Ps 
the long axis, perhaps 2° or 5° from the normal beam of th Th 
x-ray. You have a tendency to pick up a considerably wider cast it 
indication of the flake than the flake actually would be. If the is rep 
flake would turn, say, 2° from the normal axis of the beam that 
would it not show thicker than the actual graphite flake? 
Mr. ScHauM: You are assuming that this flake is the shape would 
of your hand. In some of these pictures the flakes seem « in the 
resemble the shape of an undulating worm. For that reason you intera 
often see on a photomicrograph a series of small flakes which These 
originally were one long flake dipping above and below the ey 
plane of observation. If you have a flat flake, which dimension as In | 
are you going to call the width? Since we cannot differentiate of sev 
between the thickness and width, we can only say that we have amour 
revealed the maximum dimension of the flake in the particular is likel 
orientation in which it is lying. was d 
Dr. MacKenzie: You could probably develop a technique for = 
that. An ordinary flake is shaped like a corn flake or curved effects 
blade. But it should show if you had everything under contro! Twe 
The flake you are looking at one way then would be dense! Up to. 
than if you were looking at it in another way. The author 
technique is extremely new and novel and I certainly wish them — 
well in it. +} 
Chairn 
ee vers ‘ 
1 American Cast Iron Pipe Co., Birmingham, Ala. Pe 7 


2? Eastman Kodak Co., Rochester, N. 





EFFECT OF COPPER ADDITION CONTAMINANTS ON 


VWECHANICAL PROPERTIES 


K. E. Rose 


[HE USE OF COPPER AS AN ALLOYING ADDITION to 
on needs no explanation. Because of its avail- 
in grades of high purity it is customary to use 
pper shot or sheared wire for ladle additions, 
igh any other convenient form may be equally 
ble. Pound-for-pound credit may be allowed tor 
ypper addition because no copper is lost and sub- 

illy no other elements are present. 
is same complete recovery of copper would be 
d from the addition of copper-base alloys. In 
instances, copper-alloy scrap, purchased for its 
pper content alone, might compete economically 
with high-purity copper shot. Accordingly, a series of 
xperiments was undertaken to determine what harm- 
ful effects might result from use of copper-base alloys 
and the extent to which they might be safely employed 

as a source of copper for gray cast iron. 


Elements in Copper-Base Alloys 


\ survey of the field of alloys indicated that only 
nine elements, other than copper, are found in the bulk 
1 copper-base alloys. A tenth, bismuth, might be in- 
troduced in bearing metals, and is sometimes inten- 
tionally added to cast iron, so it was included with the 
group shown in Table | used for this investigation. 

lhe effect of most of these elements, when added to 
cast iron, has been studied by other investigators, and 
is reported in various technical papers. It was expected 
that the individual effects with or without copper 
would be similar. However, the effect of one element 
in the presence of others (in addition to copper) or the 
interaction of two or more elements was not known. 
[hese interaction effects are sometimes pronounced 
as in the hardenability of steel where small amounts 
of several elements approximate the effect of larger 
mounts of fewer elements. Since scrap alloy copper 
is likely to contain more than two elements, attention 
was directed to the interactions as well as to the main 
elects of single elements. 

Two factorially designed * ? experiments were drawn 
ip to explore the main effects and interactions as the 
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first step in the program. The factorially designed ex 
periment departs from the conventional practice ol 
considering only one variable at a time and provides 
data which can be easily treated by statistical analysis 
to determine the probable reliability of the results in- 
dicated. Furthermore, the interactions and the main 
effects may be determined with equal precision because 
the same number of separate determinations are in- 
volved in each. 

In this application, the ten elements were divided 
into two groups of five each. Two percentage levels 
were then chosen for each element. The higher level 
was set at some point where the effect would be notice- 
able, yet not so high as to preclude the presence of other 
elements at a proportionately high level. The lower 
percentage level was taken as one-tenth of the higher 
level; the purpose being to have a measurable, yet pre- 
sumably ineffective amount of the element in question 


Factorial Test Percentage Levels 


Table 2 shows the distribution and percentage levels 
for the two factorial tests. Thirty-two combinations or 
“compositions” are possible from each set of five ele- 
ments at two percentage levels, sixteen with each ele- 
ment at its higher and sixteen with each element at its 
lower level. 

Iron for the tests was prepared in a 27-in. cupola 
equipped with an air-volume control, a pressure gauge, 
and a blast-moisture control. The melting practice 
was kept as consistent as possible during all of the test 
runs. An effort was made to keep the analysis of the 
iron at 3.30 per cent carbon, 1.90 per cent silicon, and 


TABLE 1.—TEN ELEMENTS REPRESENTATIVE OF THOSE 
Usep 1n Most Copper-BaseE ALLoyYs 





Element Normal Maximum Percentage 


Aluminum 10.0 
Arsenic 
Antimony 
Beryllium 
Bismuth 
Cadmium 
Lead 
Tellurium 
Tin 

Zinc 
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wt 
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0.75 per cent manganese, although there was some 
variation in the actual analysis. 

Twelve-hundred pounds of iron were tapped into 
an insulated holding ladle to provide the base iron tor 
the tests. This was moved to the molding floor where 
40-Ib. lots, each treated separately, were taken in hand 
ladles and used to pour a two-bar 1.2 x 21-in. transverse- 
bar mold and a chill test. The alloy additions were 
made to the hand ladle as they were filled trom the 
holding ladle. 

Since a single holding ladle would provide only 
enough iron to pour 20 molds, it was necessary to use 


Taste 2.—PeRCENTAGE Levets OF TEN Flt eM ents 
Appep witt Corvrr * tN FACTORIALLY DESIGNED 
EXPERIMENTS 








Lower 
Element Higher Level Level 
Set I. Elements More Likely to be Found 

Antimony 0.002 0.0002 

Arsenic — 0.002 0.0002 

Lead 0.033 0.0033 
Tin 0.03 0.003 
Zinc 0.033 0.0033 

Set II. Elements Less Likely to be Found 

Aluminum 0.03 0.003 

Beryllium 0.008 0.0008 

Bismuth 0.002 0.0002 

Cadmium 0.002 0.0002 

0.001 0.0001 


Tellurium 





* Regardless of the percentage of other elements added, the alloy 
addition was balanced to provide an addition of one per cent of copper. 
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two ladles for the complete set of 32 tests. The ; ring 
order was arranged so that only the fourth-order inte, 
action was affected, but it was rendered useless. . 

The tests were made in duplicate, providing {oy 
transverse bars and two chill tests for each comp 
In determining the main effects and interacti 
results of 64 determinations are involved in tl 
verse strength, resilience, impact strength, an 
tion tests, and 32 determinations in the chill t 

A measure of the reliability of the tests was 1 
an analysis of variance, using the differences | 
molds of the same composition as a basis for det 
ing the inherent experimental error. If the effec: 
butable to composition is greater than the fac: 
resenting experimental error, the reason may be 

a. The apparent effect was achieved through sheer 
accident. 

b. The effect is actually the result of the change ip 
composition. 

The analysis of variance provides a measure of the 
significance of the data in terms of the probability that 
the results are accidental. Thus, a significance value of 
0.1 means that the chances are | in 10 that the indicated 
effect was arrived at by accident; a value of 0.001 means 
significance of the data in terms of the probability that 
the chances are only | in 1000. 

Tables 3 and 4 show the results of the analysis of 
variance carried out on the data from the two factorial 
experiments. Tabulation of the data for the analyses 
summarized in these tables was accomplished by sub- 
tracting the property values of the compositions with 


[TABLE 3.—SIGNIFICANCE OF MAIN EFFECTS AND INTERACTIONS FROM THE ADDITION OF ARSENIC, ANTIMONY, LEAD, TIN, 
AND ZINC WITH Copper TO GRAY IRON 





Transverse 











Strength Deflection Resilience Impact Strength Chill Depth 
Effect Effect Effect Effect Effect 
Total Signifi- Total Signifi- Total Signifi- Total Signifi- Total Signifi- 
Elements (x 0.1) cance (x 1000) cance (x 10) cance (x 10) cance (x 100) cance 
As 140 —97 107 145 —127 0.2 
Pb — 2386 0.01 — 2539 0.01 — 5433 0.01 — 2335 0.01 287 
Sb —252 —119 —423 —765 0.1 39 
Sn — 140 9 25 —555 1 
Zn — 324 —173 —421 155 135 
As-Pb &4 95 195 — 265 19 
As-Sb 50 131 285 185 —69 
As-Sn — 86 131 — 103 115 —83 
As-Zn 258 393 859 0.2 —555 —53 
Pb-Sb — 140 —195 —295 —335 —3l1 
Pb-Sn — 196 — 203 —291 95 47 
Pb-Zn 120 —73 —45 305 69 
Sb-Sn 58 81 115 245 111 
Sb-Zn 26 15 61 —5 —95 
Sn-Zn 10 23 137 —615 3 
As-Pb-Sb 110 19 73 —145 — 135 
As-Pb-Sn 270 259 569 245 —89 
As-Pb-Zn — 246 —431 —825 0.2 —245 —51 
As-Sb-Sn —188 —57 — 2389 —325 31 
As-Sb-Zn — 40 —7 — 39 5 —95 
As-Sn-Zn —148 —23 —231 — 165 —21 
Pb-Sb-Sn 22 421 579 375 113 
Pb-Sb-Zn 26 27 —95 —135 —181 
Pb-Sn-Zn — 38 11 i) —285 49 
Sb-Sn-Zn 172 107 343 385 —123 
As-Pb-Sb-Sn 44 111 163 —35 —11 
As-Pb-Sb-Zn 152 377 697 —5 —73 
As-Sb-Sn-Zn 122 1 35 635 113 
As-Pb-Sn-Zn 264 345 501 125 — 147 
Pb-Sb-Sn-Zn —96 47 —13 —285 143 
Experimenta! error — +170 lb./bar + 0.04 in. +5 ft.lb./bar +3+ ft.lb./bar +0.2 i: 


based on standard deviation between duplicate molds (corrected for ladle differences) 
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no nt or elements at the lower percentage level 
5 ° °° . . 

r of the corresponding compositions in which 


lement or elements are at the higher per- 

vel. In the factorial design employed in these 

here were sixteen differences so obtaincd for 

n effect and each interaction, when the ele- 

run in duplicate, there were two sets of 

:lues for the chill tests and 32 values for the 

s. The ‘effect totals’ cited in the tables were 

by subtracting the sum of all 32 values for 

rest and all 64 values for the other tests fo 

n effect and each interaction, when the ele- 

elements were at the lower percentage level. 

| from the sum of the same number ot vaiues 

element or elements were at the higher per- 

vel, Table 2. The analysis of variance per- 

he consideration of masses of data without the 
recording the individual values. 

ict that only a few of the total number of main 

nd interactions are significant does not neces- 
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tions are important in themselves, but that the presence 
of one potent element may mask the effect of others. 

Actually, the interactions may be more benehcial 
than harmful. If it can be assumed that the ellect 
totals are qualitatively correct, Table 5 indicates that 
increasing the number of elements added with the cop- 
per tends to decrease the harmltul eflects. 

In addition to the two factorially designed experi 
ments which have just been described, a lange number 
of tests were made with only one element at a time 
added with copper in order to determine the amount 
that might be tolerated. The percentages of the ele- 
ments added individually to the iron with | per cent 
of copper are listed in Table 6, and the results of the 
tests are summarized in the graphs, Fig. 1 to 10, inclu 
sive, and the discussions for the individual elements 


TABLE 5.—PERCENTAGES OF BENEFICIAL RESULTS SHOWN 
IN Errect ToTALs FoR FACTORIAL EXPERIMENTS 








lat sa an that the elements have no effect. It means Number of Number of Number of Per Crit 
ol t the experimental error was not small enough Elements Added Beneficial Harmful Beneficial 
- With Copper Effects Effects Effects 
it the effects to assert themselves. 
O ead and bismuth showed consistently signifi- Set No. I 
. ; ee SSR ey PS ie, One 7 18 27 
a int results. A few other main effects and interactions Two 30 20 60 
; significance in some properties, but except for Three 27 23 54 
r ‘ : . sii rn & ” 7? 
) | Al-Te the significance values are not strong. Four 18 : ’ 
Fu more, most of the interactions showing signifi- Set No. Il 
" . Ss One 3 22 12 
Ses ant values contain one of the elements shown to be Two 6 »? 52 
uD harmful, lead or bismuth. Three 12 38 24 
1th In view of this, it does not appear that the interac- Four i 14 “4 
IN las_e 4.—SIGNIFICANCE OF MAIN EFFECTS AND INTERACTIONS FROM THE ADDITION OF ALUMINUM, BERYLLIUM, 


BisMUTH, CADMIUM, AND TELLURIUM WITH Copper TO GRAY IRON 

















Transverse 
Strength Deflection Resilience Impact Strength Chill Depth 
Effect Effect Effect Effect Effect 
Total Signifi- Total Signifi- Total Signifi- Total Signifi- Total Signifi- 

Elements (x 0.1) cance (x 1000 cance (x 10) cance (x 10) cance (x 100) cance 
Al 22 — 149 — 138 — 140 i2 
Be — 26 — 363 — 468 — 640 —16 

Bi —562 0.01 —1017 0.01 — 2182 0.01 —820 0.1 278 0.1 

Cd —124 —445 —702 —20 32 0.01 
Te — 306 — 367 — 1164 0.1 77 0.1 514 
Al-Be — 144 — 139 78 — 280 —42 
Al-Bi 216 247 692 320 —48 
Al-Cd —2 —37 260 0 10 
Al-Te 212 93 442 1570 0.01 0 
Be-Bi —292 —3i1 —822 — 460 12 
Be-Cd —274 — 359 —730 —120 —58 
Be-Te — 64 —17 —224 290 —44 
Bi-Cd 18 55 136 — 160 — 108 
Bi-Te 180 357 618 — 130 170 
Cd-Te 82 165 34 230 56 
Al-Be-Bi — 342 0.1 —451 —7&8 — 260 70 
Al-Be-Cd —92 — 243 — 208 — 80 —96 
Al-Be-Te -- 206 — 209 — 498 — 370 10 
Al-Bi-Cd 136 163 586 — 500 —6 
Al-Bi-Te —42 —331 — 304 — 250 12 
Al-Cd-Te — 236 —379 —824 —450 — 46 
Be-Bi-Cd —452 0.05 —519 0.1 — 1292 0.1 —420 0.1 102 
Be-Bi-Te — 146 — 145 —450 470 80 
Be-Cd-Te — 336 0.1 — 341 —902 —470 —90 
Bi-Cd-Te 264 605 0.1 904 290 28 
{l-Be-Bi-Cd 150 —255 134 — 300 180 
\l-Be-Bi-Te —220 —29 — 284 50 50 
\l-Be-Cd-Te 158 503 1000 230 — 48 
\l-Bi-Cd-Te —42 —159 — 346 —750 10 
be-Bi-Cd-Te —2 143 128 —210 —26 

-Iperimental error — +170 lb./bar +0.03 in. +6 ft.lb./bar +4 ft.lb./bar +0.13 in. 


based on standard deviation between duplicate molds 








92 


Tas_e 6.—OUANTITIES OF CONTAMINANTS ADDED 


INDIVIDUALLY TO GRAY IRON 





Per Cent Added to Iron With 
1 Per Cent Copper 





Element Test Run No 


Al 56 0.1 
59 0.001, 0.01, 0.05, 02 
As 55 0.005 
57 0.001 
58 0.01 
59 0.0005, 0.01 
Re 56 0.04 
59 0.004, 0.02 
Bi 56 0.02 
59 0.0001, 0.001, 9.01, 0.1 
Cd 56 0.01 
59 0.0001, 0.0006, 0.001, 0.006 
Pb 55 0.1 
57 0.005, 0.010, 0.020, 0.030 
58 0.04—held for time effect 
59 0.0001, 0.001, 0.01, 0.025, 0.05, 
0.075, 0.1, 0.2 
Sb 55 0.005 
57 0.001 
58 0.01 
59 0.0005, 0.01 
Sn 55 0.1 
58 002 
59 0.001, 0.01, 0.1, 0.2 
Te 56 0.005 
59 0.0005, 0.001, 0.0025 
Zn 55 0.1 
57 0.005, 0.010, 0.020, 0.030 
58 0.04—held for time effect 
59 0.001, 0.01, 0.025, 0.05, 0.075, 0.2 





Also, a few commercial copper alloys were used in 
order to compare their effects with those of the syn- 
thetic alloys. 

Since the test data were obtained from several differ- 
ent base irons, no two of which had identical chemical 
or physical properties, it appeared advisable to express 
the effects of the various additions in terms of the per- 
centage of change in properties from those of the base 
iron with | per cent copper alone. These percentile 
values were then plotted in Figs. 1 to 10, inclusive, and 
examined for trends. 

The results of the two factorially designed experi- 
ments conducted in duplicate, appear in the figures as 
crosses joined by broken lines, while those of experi- 
ments in which the elements were added individually 
appear as solid circles with trends shown by solid lines. 
Other variations imposed in the tests, such as using in- 
oculants, are indicated on the figures. 


Experimental Error 


Some caution should be exercised in interpreting the 
curves. Where the factorial tests indicate that the ex- 
perimental error is greater than the effect of the addi- 
tion, the slope of the curve is, at best, only an estimate. 
Furthermore, the experimental error is often greater 
than the maximum effect indicated by the curves for the 
entire percentage range covered by the elements added 
individually. 

In testing the irons, the arbitration bars were first 
sand blasted lightly. They were then broken by trans- 
verse loading on 18-in. centers in accordance with 
ASTM specifications. Bars were placed on the machine 
with the cope side up, and deflections were determined 
with an autographic deflection gauge. Impact tests 
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were made on the ungated half of the bars f; 
transverse test using a six-in. span and an en 
put of 74 ft.-Ib. 

The inner halves of the broken impact sp: 
were machined to provide tensile specimens, w 
ton ends to fit the grips of the tensile testing n 
and with a reduced section of 0.750 in. in dia; 
Sections from these pieces 0.75 in. long were als 
for the hardness tests. Depth of chill was dete: 
by measuring the white zone on the broken chil! tes 
Resilience was calculated from the area under 
the transverse load-deflection curve. 

Effect of Aluminum and Copper. The data rep, 
sented in Fig. 1 indicate that the effect of raising {| 
aluminum content from 0.003 to 0.03 per cent in th, 
iron was within the limits of the experimental erro 
and, therefore, is not significant. In fact, no appr 
ciable effect occurred until the aluminum addition ay 
proached 0.1 per cent. A greater effect resulted fro; 
the 0.2 per cent addition, but such a large additio; 
would not be obtained by using a commercial copper 
base alloy in the charges. 


Aluminum Addition Functions 


It may be inferred that all additions of aluminw 
within the range of percentages shown are beneficia 
because the tensile, transverse, and impact strengths 
deflection, and resilience are above the corresponding 
values for the base iron with copper only. The Brine! 
hardness is relatively unaltered, but the chill depi 
is cut about one-half. 

Many investigators have reported beneficial result: 
from the use of small additions of aluminum. Alumi 
num is generally considered to be from one-third | 
one-half as effective as silicon as a graphitizer. It ma 
also function as a deoxidizer. 

Massari * recommends that aluminum should not ! 
added in excess of 0.1 per cent because of the dang: 
of formation of pinholes. Smith and Aufderhaar * like 
wise suggest that aluminum be kept 0.1 per cent when 
used as a softener or deoxidizer, and below 0.5 pea 
cent when used as a graphitizer. Ploye * reported thai 


0.01 to 0.02 per cent additions of aluminum increased 


the fluidity of gray iron, probably by reducing the 
oxygen content. 


Antimony is a normal component of most pig irons 


and can generally be found in cast iron as a tramp eli 
ment. It is not often added deliberately. 


Spencer and Walding ¢ found that antimony lowere¢ 
both the transverse and impact strengths and increase 


the hardness of cast iron. 


The curves shown in Fig. 2 conform to the findings 0! 


Spencer and Walding, although the percentages of a0 
timony used are much smaller. Significance of the 


downward trend for impact strength was indicated 10 


the analysis of variance. 

Antimony cannot be considered beneficial, in t! 
light of these data, but the percentages likely to > 
introduced from copper alloy are small. 


Like antimony, arsenic is found in small amounts !0 


pig iron. Spencer and Walding, Smith and Aufder 


haar, Hurst,’ and others believe that arsenic causes 0° 
bad effects up to 0.1 per cent in gray iron. This is we! 


Im 


Tra. 


Def 


Resi 


Impa 








anp C. H. Loric 






































— 
— —-+ 























































































































































































































T i 7 TT] T | T 
+10 . nae = | | | | 
7 14 
erse oO = -+—_—_—— | + + | | | 
mm ol Et---t-- Bo ee a 
| | | | 
| ™ 0} |_ $= at_t ; 
«iO —_ © = | _| i Se Os | Chill 10| | | | 
| Depth 
in |_| | | |__| | wan” | |__| | 
ee oe ee ee ee |_| - 30) | }_j 4} 
= | | -40 > 
i | | | | | — 
+40, °__| 4 4 ee / | ‘ 
x. | | 
+30 a it | Tae. | | 
Ee | | 
+20} ent ime = +/0|__| = 
Resilience, io) | | BHN. O| |_| hase | 
Oo os it -10! » 
#40 } j = | 
c j 
+30} © — | } Cacti acid = 
w~w  o 
impoct +201 © + + ) ’ + + +—+ + 4 +10 eet + > + 
Strength, iol a x | | | memes |__| Tensile O}| | | 
ole a . Strength 
S +> | + | +> 4 -/0/ T + + 
™ 
© | CODE 
3 x Factorial Testis - trend only 
8 *| Single-Element Tests 
b | | 
| | | } 
| je j¢ 6 eo; ite t | 2 ld js je 2 ‘ad | |? 
0.001 0.04 0.1 0.001 0.01 
Per Cent Aluminum Added with I! Per Cent Copper 
FIG. |-EFFECT OF ALUMINUM AND COPPER. 
+10 4 = on — +/0 + me " 
Transverse O - —F Chill Oo — 
trength , 
. — +10 wiceiel — + a +4 —_——f Depth -/0 - +-— 4 —+4 
-20 | ___. fives + — 
+10 —_ -30 o- 
——T 
k Deflection O 7+++4+——_+ - #0 ———J 
-/0) ee - 50 =e se eo = + + - 
ec - _-_ — 
D ~ 
~ 
, a | 
Se o 
hy +20)" | ! para 
+10 12 : +/0 
Resilience O s 4 1 : B.HWLN. Oo 
-10 j= -10 
-201§ —] 4+} 
r s +4--+---+ 
Se : | 
@ 
+10 —_ 
E Tensile 0 a 
es + Strength 
tu impact Oo N » 
a CODE 
Strength _, Oo > - Single-Element Tests 
e a x Factorial Tests (trend jonly) 
=) T= — = 
$ il = if. 
le] 0900! 0.00! 0.01 0.000! 0.00! 0.01 


wel 


Per Cent Antimony Added with | Per Cent Copper 
FIG.2- EFFECT OF ANTIMONY AND COPPER. 








94 Copper AppiTion ConTaw navy PP 


































+10 
Transverse O 
Strength_io 


Tt 
Deflection 
-10 





Re: 


Values - 


+10 
c 
Resilience © 


-10 +10 
-20 ps " 
ren | 
° -10 eo 


+/0 “ 
Impact oO . ement Test 


Strength 
-10 x Factorial Tests ( 


A / loy Tast 


2 


0.000! 0.001 0.01 0.0001 0.00! 0.01 
Per Cent Arsenic Added with | Per Cent Copper 


FIG.3 - EFFECT OF ARSENIC ANO COPPER. 


Tran 


+/0 Str 


Transverse O}| 
Strength 10 


420 Defl 


+10 
Deflection O 
-/0 

+40 Resil 

+30 

+20 

Resilien 
0 

-”0 

-20 


Impa 


+30 
Str 


+20 


impact +! 
Strength o 


+ 
Tensile + 
Strength 


oO 


eparture from) Base 


0.000) 0.001 0.01 +0000! 0.001 0.01 
Per Cent Beryllium Added with | Per Cent Copper 
FIG. 4 -~EFFECT OF BERYLLIUM AND COPPER. 








NTS 








1 4 
































































































K e AND C. H. Loric i) 
ve 
mes 
-20} 
-30 
#1OL 
impact 0 > 
Strength_io a 7 
| | 
-20 t ae — oo 2s — ae |\coog | | 
| | | | x| Factorial Tests (trend anly) | 
| | | . Sing!» -Element Tests | | 
| | | | | ei hh a ati ae | 
| | | | } | i } 
| | | | | | i | | | | | | i | 
jeje |e jes fs je] je ie Is Aa _jz___|s_Je |e je Jo fo} le f 
0.000! 0.00! ODI 0.1 ~ 0.000! O. aol Ql 


oo! 
Per Cent Bismuth Added with | Per Cent Copper 
FIG. 5- EFFECT OF BISMUTH AND COPPER 


+ 


















Transverse O 
Strength -10 


+ 
Deflection O 
-10 
+30 
+20 
+/0 
Resilience O 
-10 
-20 


+10 | + | ¢ 
Tensile O }____+— eae ae 
Streagth io 





! ' 
-10 —_— 
Impact 0 


Strength io 


| cope | | mart 
| "| <r, > (tend only) 
«| Single -Element Tests | | 
| | | 
YT YT 
Ke 


| 
| 
| 
| 
i 
| 
| 


2 2 


0.0001 0.201 0.91 0.000! 
er Cent Cadmium Added with | Per Cent Copper 


FIG. 6- EFFEGT OF CADMIUM AND COPPER. 


yr 





96 


outside the maximum amount that would be intro- 
ducted by copper alloys in the melt. 

The curves in Fig. 3 show no appreciable effect from 
the addition of arsenical copper. There appears to be 
a distinct trend toward a decrease in chill with an 
increase in the amount of arsenic added, which is con- 
trary to the reports of other investigators. However, 
the entire range of the points shown in Fig. 3 is within 
the limits of experimental error, which are fairly wide 
for a chill test of this type. 

Beryllium is effective as a deoxidizer, and it seems un- 
likely that the amounts represented in Fig. 4 would be 
sullicient to do more than serve as a deoxidizer. No 
significant effect was detected when the percentage of 
beryllium was increased from 0.0008 to 0.008 per cent, 
alihough the beryllium-treated iron appeared to be 
better than the iron with copper alone. 

There is some indication that additions of beryllium 
above 0.01 per cent are decidedly beneficial, but the 
data are not conclusive. 

In summary, it appears that no harm would come 
from the use of beryllium copper as a source of copper, 
but the results probably would not justify the cost of 
the beryllium. 


Mechanical Properties Affected 

Smith and Aulderhaar* reported that additions of 
bismuth increased the “life” of molten gray iron. How- 
ever, the mechanical properties suffered greatly, al- 
though virtually no residual bismuth could be found 
in the iron. 

Figure 5 shows effects of adding bismuth (with cop- 
per) in quantities ranging from 0.0001 to 0.1 per cent. 
Results of the factorial test indicate that the effects 
represented by the slope of the dotted lines are prob- 
ably quantitatively correct. This corresponds to a 
decrease in transverse and impact strength, resilience, 
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and deflection, and to an increase in the chill depty 
The tensile strength also decreases as the bismuth) cop. 
tent of the metal is raised. 

Bismuth may be harmless and perhaps even benef 
cial if no more than 0.001 per cent is added. QOuani; 
ties in excess of this amount will undoubtedly ajfe,, 
the physical properties of the iron adversely. In smal) 
amounts, bismuth may improve the iron by sery ing 
a deoxidant, as suggested by Chubb.*® 

Spencer and Walding * reported that cadmium addi. 
tions lowered the transverse and impact strengths of 
cast iron, and raised the hardness. 

These conclusions are confirmed by the data repr 
sented in Fig. 6. None of the factorial tests showed 
mathematical significance, but the trends are con 
sistent. 

It would appear from Fig. 6 that cadmium does no; 
become harmful until the addition exceeds 0.005 per 
cent. This is one-half the amount that would be ob. 
tained by adding the conventional one per cent cad. 
mium-copper alloy. 

Lead appears to be a very potent element so far as its 
effect on gray iron is concerned, in spite of the fact that 
none was found in the lead-treated iron. 

The data from which Fig. 7 was drawn point conclu. 
sively to the harmful effects of lead. The trends shown 
by the slopes of the dotted lines were statistically sig. 
nificant. 

The curves indicate that additions of lead not ex 
ceeding 0.005 per cent (0.01 lb. per ton) are probably 
harmless. When lead is intentionally added to copper. 
base alloys, even to improve the machinability, it ex. 
ceeds this amount, and most leaded copper alloys are 
considerably richer in lead. 

Throughout all the tests in which lead was a com- 
ponent, the effect of lead masks the effect of the other 
elements present. 
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Very little effect was noted on the hardness of lead- less until the percentage added exceeds 0.001 per cen; 
treated specimens, but the chill increased greatly with but this undoubtedly would be changed if the actya; 
an increase in the lead addition. Other investigators recovery were known. 
reported that lead increases the retention of carbides. In these tests, where tellurium was added as cop. 
Figure 8 indicates that tin has little effect but is per alloy, there was little evidence of the fuming whic) 
slightly detrimental to cast iron. In all probability, tin generally results from use of the pure element. 
introduced by the addition of copper-tin alloys would There is little reason to conclude that tellurium 
not be harmful. Most authorities cite tin as a hardener. alone is a useful addition except for its chill increasing 
Williams, Sims, and Newhall ® claimed that tin is powers. However, small amounts, added with coppe 
retained in iron melted in an electric furnace, but that do not appear to be difficult to control. 
lead and zinc are eliminated. They believed that less Zinc volatilizes so far below the temperature oj 
than | per cent tin in the iron had no effect on the molten cast iron one would not expect much to be 
graphite. retained. Spencer and Walding * found 0.04 per cen: 
Much interest has been shown during recent years zinc remaining in iron to which brass had been added 
in the strong chill-forming tendencies of tellurium- and 0.15 per cent zinc after a similar treatment using 
treated gray irons. The Cast METALS HANDBOOK ° states Tobin bronze. The curves in Fig. 10 indicate that zinc 
that as little as 4 grams of pure tellurium per ton of has a negligible effect when the amount added is less 
iron will produce an appreciable increase in the chill than 0.05 per cent. 
depth. The extreme potency of tellurium, together Table 7 suggests limits for the ten elements studied 
with its volatility, makes control a difficult problem in These percentages represent the approximate point at 
tellurium-treated irons. which harmful effects predominate, or at which the 
Even with tellurium additions below 0.005 per cent, curves in Fig. | through 10 cut downward through th: 
marked effects are indicated in Fig. 9. The effects for line of zero departure. 
resilience, impact strength, and chill depth were found ; 
to be statistically significant. However, the significance Effects on Microstructure 
refers only to the net effect of changing from 0.0001 to Aluminum, antimony, arsenic, beryllium, cadmium 
0.001 per cent tellurium and the actual presence of tin, and zinc did not appear to exert any impertant 
the hump in the curves is not verified, though strongly effect on the microstructure. The graphite flakes in 
indicated by the data. the lead-treated iron were somewhat more ragged than 
Based on these data, tellurium appears to be harm- usual, but the matrix was normal and there was no un. 
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large amount of eutectiform (AFA-ASTM Type 
) graphite. 

Bismuth appeared to promote the eutectiform type 
{ graphite. In a specimen from the bar treated with 
| per cent bismuth, the graphite was almost exclu- 
ely of the Type D classification, in a predominately 
rritic matrix. 

The graphite was somewhat finer than usual in the 
llurium-treated iron, but otherwise there was nothing 
t of the ordinary in the microstructure. 


Effect of Holding Time on Lead and Zinc 
In order to investigate the possibility of eliminating 
ntaminating elements by allowing them to volatilize, 
200 lb. of iron was tapped into each of two insulated 
idles. One mold was poured from the base iron in 
ach ladle. One ladle was treated with 0.04 per cent 
ead and | per cent copper. A mold was poured as 


soon as possible after the addition was made, followed 


laste 7.—SUGGESTED MAXIMUM PERMISSIBLE PERCENT- 
\GES OF ForEIGN ELEMENTS THAT CAN Be ADDED WITH 
Copper To CAst IRON 





Element Maximum Per Cent Permissible 
Aluminum 0.1+ 

Antimony 0.01+ 

Arsenic 0.01+ 

Beryllium Indefinite, but probably above 0.2 
Bismuth 0.001 

Cadmium 0.005 

Lead 0.005 or less 

Tellurium 0.001 

Tin 0.01 

Zinc 0.01 








by others at five-minute intervals for 40 min. 

The second ladle was treated similarly with an addi- 
tion of 0.04 zinc instead of lead. 

Figure 11 shows the results of the test in which lead 
was added. The first effect was an increase in the me- 
chanical properties of the iron, followed by a drop, 
possibly as a result of more intimate mixing of the 
lead. The second drop after 30 min. is probably a 
result of the decreasing temperature. 

These curves indicate a rapid drop in properties 
when the addition is first made, followed by a slow 
recovery. After 20 min. the properties begin to drop 
again, probably because the pouring temperature was 
too low. 

Bismuth would be expected to respond similarly to 
zinc, but no tests were made. 


Conclusions 


Most of the elements likely to be introduced by the 
use of copper alloy scrap as a source of copper for cast 
iron will probably cause no harm. 

A notable exception is lead, which should be kept 
very low. Lead might even pass through the melting 
unit in quantities large enough to be harmful. In all 
probability, a few of the other elements would be re- 
tained if they were melted with the charge. 

Interactions appear to be less important than the 
effects of single elements. In fact, interactions tend to 
be beneficial, rather than harmful. Where the total 
contaminative-element content is low, heterogeneity 
of scrap types would appear to be desirable. 

The suggested limiting percentages for each of the 
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foreign elements are given as follows: 
a. Lead—0.005 or less 
b. Cadmium—0.005 
c. Bismuth, tellurium—0.001 
d. Antimony, arsenic, tin, zinc—0.01 
e. Beryllium—indefinite, but probably above 0.02 
f. Aluminum—0.1 
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DISCUSSION 


Chairman: H. Bornstein, Deere & Co., Moline, II. 
Co-Chairman: ]. E. Bowen, Chevrolet Gray Iron Foundry, 
General Motors Corp., Saginaw, Mich. 


W. J. SOMMER 1 (Written Discussion): The paper is a very in- 
teresting one; it not only opens the way for the use of copper-base 
alloys for their copper content, it calms many foundrymen’s fears 
of the non-ferrous scrap which quite often contaminates our 
present day purchased scrap. It appears, though, that the copper- 
base bearing alloys might well be ruled out because of the high 
lead content in most of them. All of the yellow and red brasses 
(normally copper, zinc, and tin with low lead content) would be 
suitable since, according to Table 3, the interactions of other met- 
als combined with lead and copper greatly reduce the harmful 
effects of the lead. Reference to the effects of Pb, Pb-Zn, Pb-Sn, 
and Pb-Sn-Zn in the same table substantiate the latter statement. 

Has any further work been carried on along the lines of the 
original data? Since bismuth finds its way into the metal with 
bearing metals and it is here also that the alloys are normally 

richer in lead, it would be interesting to note the effects of copper 
with lead and bismuth. It is noticeable in Table 4 that, while all 
effects of bismuth alone are harmful and four out of five with 
tellurium are harmful, the Bi-Te combination has produced three 
beneficial effects and reduced the magnitude of the harmful 
ones; the same results have been pointed out in the combinations 
of lead and other elements. It is, therefore, quite conceivable that 
the interactions of lead and bismuth might result in mildly 
beneficial effects. If this were true, might small additions of bis- 
muth be in order where high lead content is suspected or known 
to exist? 

A review of the effects of Bi, Al, and Bi-Al in Table 4 indicate 
that aluminum too might be a successful addition where high 
lead is present 

rhe potent chill-forming tendencies of tellurium are not to be 
questioned. An addition of 0.1 per cent pure tellurium has been 
known to change the fracture of a wedge test piece (14-in. base 
and 1-in, altitude) from a complete gray to a complete white. 

While determining the effect of holding time on lead and zinc, 
it is assumed that the lead or zinc were added separately and not 
as an alloy. Taking into consideration the wide difference in 


! Plainville Casting Co., Plainville, Conn. 


Copper ADDITION CONTAMID 





temperatures at which these elements melt it appears 
copper went into solution, as can readily be detected from ¢ 
per content shown, the beneficial effects of the copper ov 
the harmful effects of the lead and zinc to a marked 
Would not the addition of a copper-lead or copper-zinc a 
leveled out these curves? 

J. I. MacKenzie:2 Does this paper give the effect of 
one per cent of pure copper? Apparently in some of t 
on the early addition of one per cent copper with vei 
amounts of the other elements, the effect of the copp: 
changed the iron 30 per cent as in the chill diagran 


tellurium (Fig. 9). 

CHAIRMAN BorNSTEIN: Does your zero point on the curv 
sent the addition of one per cent copper? 

Mr. Rose: It does. Our base irons were from ladles to | 
we had added one per cent of copper only. They are the 
irons from which we determined the deviations. I beliey: 
question was, do we show anywhere the effect of the 
alone? No, the nearest we come to doing so is shown in Fig 
and 12, where points on the curves indicate the chang 
properties immediately after the alloy was added, but, of c 
the alloy addition was not pure copper, and we cann 
when the contaminating elements first became effective 

Dr. MacKenzie: That answers the question but it is very diff 
cult to see how 0.0001 per cent tellurium could knock the 
test 30 per cent. 

Mr. Rose: The curves in Fig. 9 represent, so far as we 
tell, the effect of the tellurium copper addition (an addition 
0.0001 per cent tellurium) as compared with an addition of 
per cent copper alone. 

CHAIRMAN BorNSTEIN: Some years ago at one of our found: 

a portion of a heat was entirely white when we wanted it gi 
and the only thing we found out at that time was that the met 
had two per cent copper and we did not try to add any coppe 
The copper came from the scrap. At that time we did not ha 
any particular way to determine tellurium. We assumed it 
tellurium. Maybe it was lead that was detrimental 

Dr. MacKenzie: We found that lead usually knocks the chi 
It does depend somewhat on the base iron and furthermor 
lead is bad about coming through the cupola, whereas you ¢ 
charge high-zinc brass in the cupola and not get any zin 
the iron at all. Apparently it has no effect. But you had bett 
not get lead, antimony and tin in the cupola because they w 
come through and the effect of combined antimony and tin 
far worse than the effect of either one of them by itself 

CHAIRMAN Bornstein: How does the author account for t 
relatively poor results of lead addition? Some years ago, lead 
steels were quite common. While I suppose there was som: 
dropping off in physicals, there was nothing like the aut! 
shows on cast iron and we would naturally expect less eff 
of cast iron, that has a lot of notches in it already, like grap! 
particles. Does the author have any theory for the effect 
the lead? 

Mr. Rose: No, that is still a mystery. We analyzed some of t 
gray irons for lead, and although a trace was reported f1 
the spectrographic analysis, certainly not much lead was present 
So far as the microstructure was concerned, it did not reve 
anything that seems to offer an explanation. The grap! 
flakes were somewhat more ragged than usual, but that was 
only departure from what could be observed in the structur 
the normal irons. 

J. S. Vanick:3 I would like to begin by acknowledging 
work the authors have done in clearing up to some extent ! 
effects of these contaminants on alloy additions. We call th 
contaminants if they do no good. If they do good, they becor 
alloys. Now presumably all of these contaminants have be 
charted as pointed out within the range indicated in the pa| 
and a good many show a downward trend in properties 

\ small addition of nickel silver which contains perhaps 
per cent of zinc, less than half the amount that is in 
brass, has a bad habit of filling the metal full of gas re 
of its coincident effect upon physical properties. The ¢g 
be a zinc compound but it gets bad enough so that even (houg 
you find less than 0.01 per cent of zinc in the analy 
castings may be worthless. In one of my own experienc 


t 





2 American Cast Iron Pipe Co., Birmingham, Ala. 
3 International Nickel Company, Inc., New York. 
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k to melt pure materials to produce Ni-Resist in a 
ype brass melting electric furnace that had been kept 
d heated all day to drive the zinc fume out. It was 
e in the evening when we charged the furnace and 
he castings. Everything behaved well and the metal 
and quiet until the molds were filled. Then it spewed 
and shot all over the place, clear up to the rafters 
ut the gates and risers. A very high back pressure 
developed by the reduced solubility of the zinc vapor 
ification temperatures were approached. While it is 
hat the solubility of zinc in liquid iron is very low 
ial efforts to analyze sample taken from the blow-holed 
rs that were poured, failed to record more than a “trace.’ 
ve-gram samples instead of one-gram samples a zin 
of 0.075 per cent was obtained. This amount would 

the effects of a 0.25 per cent addition of 70:30 Cu:Zn 
an alloy of the Ni-Resist type which because of its high 
ontent I believe, is less readily damaged than regular 


would be. 
gible properties such as this are not dealt with in the 
except in connection with the risk of pinholes from 
1m 
e are advantages that at times some contaminant such 
sphorus in phosphor-copper may be carried in by means 
carrier—copper in this case—and in that way reacts differ- 
from the course it might follow if carried in by the pure 
iddition route. 
Now I come to Mr. Sommers’ discussion. I find he makes a 
nent which is liable to misinterpretation. He says appar- 
ill of the yellow and red brasses would be suitable, accord 
lable 3, and then he refers to the low lead content in 
rass. I am wondering whether he is referring strictly to 
| content and overlooking the zinc, because a yellow brass 
we will say, a 60:40 copper-zinc content if added in an 
int of say one per cent will bring in 0.40 per cent of zinc 
nd the suggested maximum percentage (Table 7) limit on zinc 
ntent are 0.01 per cent. Those of us who try to analyze for 
nc in the 0.01 per cent content ranges know it is difficult to 
such small amounts of zinc there. Thus the amount of 
ow brass that could be brought in by way of an addition 
ill have to be less than 49 of one per cent to finish up with 
\| per cent zinc as the total limiting zinc content. 
In the refining of metals by the secondary metal men, refine- 
ents in analysis such as spectrographic analyses, ought to 
lable them to in many cases deliver a product suitable for 
ist iron alloying purposes. 
Mr. Rose: With regard to the leaded brass, I believe the 
flect of the lead would be much more important than the 
ffect of the zinc. 
Lest there be some misunderstanding as to what we mean by 
| per cent zinc, let me explain that we did not analyze for it. 
Ve added 0.01 per cent, but we do not know how much stayed 
he iron. There certainly was not very much. 
Spencer and Walding reported adding quite a bit of zinc as 
60-40 alloy, but they found only 0.04 per cent remained in the 
This was only a small part of the amount added, so the 
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zinc loss must have been very high 


We made one spectrographic analysis for zinc, and found only 


a trace 
Mr. Rose (author's closure) 
Mr. Vanick, and Dr. MacKenzie are indeed welcomed because 
they deal with some points not fully covered in the pape 
The additions of various elements with copper were made in 


The comments by Mr. Sommers 


the form of copper-base alloys, and not as simple mixtures of 
the individual elements. In order to have sufhcient latitude 
for making the additions, it was necessary to use relatively rich 
master alloys. After the master alloys had been combined to 
give the desired proportions of contaminants, copper shot was 
added to make up the amount required for a one per cent addi 
tion to the iron 

\s Mr. Sommers suggests, more information would be desit 
able on the effects of lead and bismuth together, but we had 
no way of anticipating this when the experiments were planned 
We did investigate the interactions of lead and tellurium with 
copper. The effect of the lead predominated strongly, as one 
might predict from the results of the other tests in which lead 
was added 

In studying the effects of interactions, we found that certain 
pairs of elements apparently were beneficial, whereas other 
pairs were harmful. A comparison of the alloy systems for 15 
of the pairs of elements and the effects of them appears in 


Table 8. 





TABLE 8.—RELATION BETWEEN ALLOY ‘LYPE AND 
EFFECTS DERIVED FROM INTERACTIONS OF Iwo CON 
rAMINATING ELEMENTS ADDED WITH COPPER 
Pairs Showing 





Pairs Showing 


Binary Alloy Type Beneficial Effects Harmful Effects 
Eutectic Forming 2 2 
Solid Solution Forming l l 
Limited Miscibility 2 l 
Intermetallic Compound 

Forming 6 None 





It may be seen that all six of the pairs of elements forming 
an intermetallic compound (or at least capable of doing so 
according to their equilibrium diagrams) produced an apparent 
improvement in the mechanical properties of the treated iron 
Iwo of these improvements were found to be mathematically 
significant by the analysis of variance. 

One should not draw unqualified conclusions from Table 8 
because, in most instances, it is not known whether or not the 
properties reported are truly representative. However, it appears 
that the formation of an intermetallic compound might some- 
how reduce the potency of the individual elements; perhaps by 
partially removing them from the system. 

If this be true, we would expect that bismuth and lead 
together would still be harmful, because they form an eutectic 
type of binary alloy, and do not form an intermetallic com- 


pound. 























INFLUENCE OF INCLUSIONS 


ON PROPERTIES OF 


ABSTRACT 

Six common aluminum-base alloys have been studied as to 
their tendency to form inclusions and also as to the manner in 
which their properties are affected by the size and location of 
the inclusions. It was found that of the alloys investigated, the 
CN2I alloy was most prone to form inclusions, while the $2 
alloy formed the least number of inclusions. 

The presence of an inclusion reduced the tensile strength of 
the alloy by causing a premature termination of the stress-strain 
curve. The degree to which the tensile strength was reduced 
was dependent somewhat on the alloy but, in general, the per 
cent reduction in strength was two to four times the per cent 
of total cross section occupied by the inclusion. Inclusions which 
extended to the surface of the cast test bar were found to cause 
@ greater reduction in strength than those which were wholly 
included in the bar. 


IN THE FIELD OF CASTING it has long been recog- 
nized that inclusions may occur under the best of cast- 
ing control, and that their effect is, in general, one 
of reducing the strength and ductility of the casting. 
However, little is known as to the specific effects of 
their size and position in the casting. For example, 
little information is available as to the relative detri- 
ment of an inclusion wholly within the casting, as 
compared to an inclusion (of the same type and size) 
which intersects the surface of the casting. 

Some previous investigations' have shown the effect 
of inclusions in the reduction in tensile strength of 
a 12 per cent aluminum-silicon afioy. Some other 
investigations have been made on the effect of pin- 
hole porosity (which has an effect similar to that of 
inclusions) on the tensile properties of brass and 
copper castings.* *.*5 However, little data are avail- 
able regarding the effect of inclusions on properties 
of various aluminum alloys which find extensive use 
in foundries today. 

The work presented herein represents an attempt 


1 This paper is one of a series of reports in the research pro- 
gram on cast aluminum alloys conducted at Case School of 
Applied Science for the Aluminum Research Institute, Chicago, 
Illinois. 

2 Professor of Physical Metallurgy, Department of Metallurgi- 
cal Engineering, Case School of Applied Science. 

3 Research Assistant, Department of Metallurgical Engineering, 
Case School of Applied Science. 

4 Senior Research Engineer, Department of Metallurgical Engi- 
neering, Case School of Applied Science. 


SAND CAST ALUMINUM-BASE ALLOYS’ 


G. Sachs,’ A. W. Dana? and L. J. Ebert 






to obtain some quantitative data on the effect of inclu 
sion size and position on the strength properties of 
several sand cast aluminum alloys. 


Material and Procedure 


The alloys studied are listed in Table I with the 
chemical analyses for the alloys. Two to three grades 
of each of the alloys were used. The first grade was 
designed so as to contain a maximum amount of 
minor constituents, and heats of this grade are referred 
to as special heats. The second grade contained 
amounts of minor constituents likely to be found in 
commercial alloys, heats of this grade being termed 
stock heats. The third grade was designed so as to 
keep the quantities of minor constituents at a prac- 
tical minimum; heats of this grade are referred to 
as pure heats. 

Tensile test bars cast under controlled commercia! 
foundry conditions were used for the investigation.* 
The maximum melting temperature was kept below 
1350 F in ail cases except for the CN2I1 alloy which 
was melted up to 1400 F. All test bars were poured 
between 1300 and 1250 F. The test bars were cast in 
green sand molds of the design shown in Fig. 1, appro 
priate precautions being taken for skimming and flux- 
ing. All bars were prepared for testing merely by 
removing the slight roughness from the cast surface 
of the reduced section by a light polishing. Approx: 
mately 3300 tensile test bars were available for the 
study. In all, 560 bars with inclusions were sorted out 
from this total number of bars by means of visual 
inspection at a magnification of five.** 


Examination of Fractures 


The fractured surfaces of the broken bars which 
contained inclusions were then projected on a screen 
(magnified 10 times). The area of the inclusion was 


* The tensile bars used in the investigation were cast for the 
uctermination of physical and mechanical properties of some 
aluminum alloys, in an investigation for the Aluminum Research 
Institute, Chicago. 

** It should be noted that a large number of the inc! usions 
were of such small size that they would have escaped detection 
except for the careful inspection of the magnified image »{ ‘’ 
fractured cross section. 
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Fig. 1—Tensile test bar casting. 
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of tensile strength for the C2 alloy. Figure at each 
point indicates number of specimens. 
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Fig. 4—Relation between inclusion size and reduction 
of tensile strength for CN21 alloy. 
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Fig. 6—Relation between size of inclusion and reduc- 
tion of tensile strength for SC21 (TG) alloy. 
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tion of tensile strength for SC21 (T4) alloy. 
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Fig. 8—Relation of inclusion size and reduction of ter 
sile strength for SC21 alloy stock heats. 
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Fig. 10—Relation between inclusion and reduction 0 
tensile strength for Cl alloy. 
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Fig. 13—Effect of inclusions on termination of tensile 
stress-strain curve. 


measured by comparing the projected image of the 
inclusion to circles of known area. The accuracy of 
this method of measurement was +0.001 square inch. 
Each inclusion was measured on both fractured sur- 
faces of a given test bar. A notation was made as to 
the position of the inclusion in the fractured cross 
section. 

No attempt was made to determine the composition 
f the inclusions. However, it is well known that the 
inclusions occurring in cast aluminum alloys are 
typically aluminum oxide. In the case of the mag- 
nesium-rich alloys, the inclusions may be a mixture 
of aluminum and magnesium oxide. The vast ma- 
jority of the inclusions in this investigation wese 
noted to have the typical appearance of aluminum 
oxide. Practically no flux inclusions were found, and 
mly in few bars were inclusions of foreign material 
bserved. 

Ihe test bars were available in various lots, each 
lot being cast at the same time for the same heat of 
metal. For the heat treatable alloys, each lot was heat 
treated as a unit. It was thus possible to determine 
the loss in properties of the bars with inclusions in 
iny one particular lot, by comparing the properties 
f{ any bar containing an inclusion with the average 
properties of the bars of the particular lot without 
inclusions. For the sake of universal application of 
the results, these losses were always listed as percent- 


iges 


Results and Discussion 


Effect of Inclusions on Tensile Properties. The 
effect of the size of the inclusion on the reduction in 
tensile strength is shown in Figs. 2 to 11, Table II. 
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Of the alloys studied, the tensile strength was reduced 
approximately the same amount for the C2, CS22, and 
CN21 alloys by surface inclusions® of a given size in 
cases where reliable data were available. In tese 
cases the per cent reduction in tensile strength was 
about four times the size of the inclusion (in terms 
of per cent of the fractured cross section). 

The tensile strength of the Cl alloys was more 
affected by these surface inclusions than the tensile 
strength of the other, above mentioned alloys, while 
the tensile strength of the silicon-rich SC21 alloys was 
less affected. The second silicon-rich alloy investigated, 
the S2 alloy, formed so few inclusions that no reliable 
data could be obtained. 

Very little data were available on the effect of in- 
ternal inclusions on the reduction in tensile strength. 
However, from the data on the alloys CS22 and Cl 
(T4), in Table II it can be seen that the internal 
inclusions brought about only half the reduction in 
tensile strength caused by surface inclusions. 

The reduction of tensile strength is apparently not 
related to the ductility of these two latter alloys, since 
the strength of the more ductile (T4)** condition of 
the SC21 alloy was more affected than that of the less 
ductile (T6)*** condition, while the effects were re- 
versed in the case of the two conditions for the Cl 
alloy. This independence of the reduction in tensile 
strength caused by inclusions from the ductility of the 
alloy is further illustrated in Fig. 12. 


* The inclusions were of two types: 1) those which inter- 
sected the surface of the bar were termed “surface inclusions” 
and 2) those which were contained wholly within the bar were 
termed “internal inclusions.” 

** Solution heat treated. 

*** Solution heat treated and artificially aged 


For all alloys investigated, the yield strength of the 
test bars with inclusions was practically the same as 
that for bars with no inclusions, regardless of the size 
or the position of the inclusion. 


TABLE I.—CHEMICAL ANALYSES* FOR VARIOUS 
ALUMINUM ALLOYS 





Alloyt Alcoa 

and Alloy Composition, Per Cent 

Type TypeCu Si Fe Mg Ni Mn Sn Pb Zn Ti Cr 
C2 108 

“Special —- 4.30 3.08 0.95 0.03 0.23 0.40 0.05 0.05 0.38 0.04 0.05 


Stock 4.03 3.13 0.70 0.03 0.17 0.45 0.02 0.04 0.25 0.07 0.07 
CS22 

Special 7.25 1.78 0.98 0.06 0.18 0.36 0.07 0.09 1.44 0.04 0.04 
Stock 7.36 1.98 0.98 0.05 0.21 0.39 0.12 0.04 0.80 0.05 0.11 
$2 43 

Special 0.48 5.29 0.62 0.02 0.02 0.42 0.01 0.02 0.25 0.04 0.05 
Stock 0.32 5.27 0.50 0.02 0.03 0.08 0.07 

Cl 195 

Special 4.38 1.01 0.70 0.02 0.02 0.41 0.01 0.02 0.35 0.12 0.01 
Stock 4.30 1.12 0.69 0.03 0.09 0.40 0.02 0.03 0.30 0.08 0.12 
Pure 4.27 0.76 0.53 0.01 0.01 0.13 0.01 0.01 0.07 0.08 0.02 
SC21 355 

Special 1.30 5.15 0.53 0.45 0.06 0.49 0.01 0.01 0.30 0.12 0.06 
Stock 1.39 5.11 0.46 0.56 0.06 0.13 0.02 0.01 0.07 0.09 0.10 
Pure 1.31 5.12 0.34 0.55 0.01 0.06 0.01 0.01 0.03 0.11 0.12 
CN21 142 

Special 4.01 0.41 0.66 1.51 1.97 0.03 0.01 0.02 0.04 0.12 0.07 
Stock 4.08 0.47 0.63 1.59 2.07 0.08 0.05 0.04 0.14 0.19 


* Average of four to six heats. 
t All alloys in this paper are referred to by the standard 
ASTM designations. 
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The inclusions reduced the elongation of the test 
bars for all alloys. However, the majority of the in- 
clusions were of such small size that the reduction in 
elongation rarely exceeded the accuracy of the meas- 
urement. Consequently, no accurate correlation could 
be made between the size or position of the inclusion 
and reduction in elongation. 





Effect of Inclusions on Stress-Strain Curve 


Mechanism by which inclusions cause reduction in 
the tensile strength and elongation is evidently one 
of terminating the tensile stress-strain curve prema- 
turely. This can be seen from Figs. 13 to 15 in which 
the tensile strength and elongation from tests on bars 
with inclusions are plotted on the average stress-strain 
curves for tests on bars without inclusions. 

This premature termination of the tensile stress- 
strain curve might be explained by the fact that the 
inclusion carries no load and/or acts as a notch. If 
the inclusion carries no load, it reduces the effective 
cross sectional area by an amount equal to the area 
occupied by the inclusion. If the effect were simply 
of this nature, the per cent reduction in tensile 
strength should be less than the area of the inclusion 
in per cent of the total cross section.* 

However, the data represented in Figs. 2 to II, 
Table II, shows that the reduction in tensile strength 
is two to four times this amount. Consequently, it 


*A hole in a very ductile metal reduces the strength by 
slightly less than corresponding reduction in effective cross 
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Fig. 14—Average curve for Fig. 13 showing premature 
termination of stress-strain curve. Figure at each point 
indicates number of specimens. 
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appears that the inclusion acts as a notch, causing ; 
slight stress concentration and resulting in an em. 
brittlement of these alloys of relatively low ductility 
No attempt has been made to analyze further thi 
notch effect of inclusions. 


Number of Inclusions, Location and Size 


Number of inclusions found in bars of the various 
alloys is shown in Fig. 16. The various aluminum alloy: 
exhibited different tendencies to form inclusions. The 
S2 alloy possessed the smallest tendency to form inclu- 
sions, while the largest number of inclusions occurred 
in the CN21 alloy. 

Attempts were made to correlate the number oj 
inclusions with the amounts of major and minor con- 
stituents, either singly or in combination. The major 
conclusion that could be reached was that if mag: 
nesium was present in amount of 0.5 to 1.5 per cent, 
the number of test bars with inclusions was consider- 
ably larger than for alloys containing less than 0.] 
per cent magnesium, Fig. 17. In general, the tendenc 
to form inclusions seems to increase progressively with 
increasing amount of magnesium. 


TABLE II.—RESULTS OF INCLUSION INVESTIGATION 
ON ALUMINUM ALLOYS 





Ratio: 
Per Cent Reduction of Tensile Strength 
Area of Inclusion in Per Cent Cross Sectio! 





Alloy Surface Inclusion Internal Inclusior 
C2 35 $.5* 
CS22 4.1 2.8 


3.75 


Average $.7 2.0 


* Insufficient data to be accurate. Not included in averag® 
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Fig. 16—Graphical representation of number of in- 
clusions present in the various alloys investigated. 





S22 MOY +> 


, 

<4 r ; 
J FLU MOT USED 

sf 4 ; ; CN@/ ALLOY 
fn b2 A£L4L0¥ 






yo JSC2/ ALLOY 


| | 







+ 








8 AVG VALUE OF STOCK NEAT 

© AVG VALUE OF SPECIAL NEAT. 

©@ AVG VALUE OF STOCH AND SPECIAL AEATS 
| * AVG VALUE OF STOCK, SPECIAL, ANDO PURE 
MEATS. 


C4 ALLOY 





+ 
| 
a 
; 4 
| | | ] 
| | ! ' } 
o_—CS Ra ALLOY } 
| , 
| ‘a | | L 
“—_*> | | ' ; 

Ca | €2 44407r-+—+ + ——t 
+ i | | 
j~ | sd aesor | | | | | | 
ae i i i i i | i 
/ 3 J A J 6 @ . «OO “/ 42 43 “@¢ 45 46 

APIOUNT OF FAGNE S/UH ~WI PEACENT 


——————— + ~y > —_—_—_- 








Fig. 17—Effect of magnesium content on percentage of 
bars with inclusions. 


Because of the horizontal position of the test bars 
in the mold, Fig. 1, the majority of the inclusions were 
of the surface type, Table II. It is known that the 
most common type of inclusion found in aluminum 
castings, aluminum oxide, is heavier than molten 
aluminum and usually settles out. However, if any 
ur or other gas is entrapped in the porous aluminum 
xide, the inclusion might become effectively lighter 
than the molten aluminum, and so rise to the surface. 
This would explain why the majority of the inclusions 
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Fig. 18—Frequency distribution curves for size of in- 
clusions in various sand-cast aluminum alloys. 
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Fig. 19—Composite frequency distribution curve for 
size of inclusions in sand-cast aluminum alloys. 


in the horizontally cast test bars were of the surface 
type. 

It is interesting to note, Figs. 18 and 19, that the 
majority of inclusions found in the cast bars were 
quite small. From the frequency distribution curves 
it can be seen that about 80 per cent of the inclusions 
occupied less than two per cent of the cross section 
of the test bar. Because of the fact that most of the 
inclusions were very small, the mechanical properties 
of only five per cent of the bars with inclusions fell 
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below the specified minimum values. The mechanical 
properties of 15 per cent of the bars with inclusions 
fell below an arbitrary minimum set at such a level 
that the properties of one per cent of bars without 
inclusions also fell below it. 

The number of inclusions was also found to be 
dependent upon the manner in which the molten 
metal was handled before pouring. The special heats 
of the C2 and the CS22 alloys represented in Figs. 16 
and 17 were cast without flux by a foundry practice 
in which the molten metal was “skimmed-rich.” In 
this procedure, the metal was skimmed in such a 
manner that, to insure the removal of as much of the 
oxidized surface as possible, a considerable amount 
of molten metal was also removed from the surface. 
For all other heats represented, a neutral flux was 
used in the melting practice. 

The molten metal was always allowed to stand for 
at least three to five minutes after it was removed 
from the melting furnace and before it was finally 
skimmed and poured.* The results show that the 
heats which were not fluxed contained a much higher 
number of inclusions than those which were fluxed, 
in spite of the precautions taken in skimming. This 
would seem to indicate that the flux provided the 
necessary agitation or vehicle for a separation of the 
inclusions from the molten metal by a mechanism of 
either floating to the top or sinking to the bottom of 
the crucible. 


Conclusions 


1. ‘This study has shown that relative ratings of the 
investigated alloys as to their tendency to form inclu- 
sions is as listed below (the first alloy listed has the 
least tendency to form inclusions). 

1) $2; 2) C2; 3) CS22; 4) Cl; 5) SC21; 6) CN21. 

2. Various alloys are affected differently by inclu- 
sions of a given size. The relative manner in which 
the tensile strength is lowered for the various alloys is 
listed below (in order of increasing embrittlement). 

1) SC21; 2) C2; 3) CN21; 4) CS22; 5) Cl. 

3. In general, inclusions which intersected the sur- 
face of the casting reduced the tensile strength more 
than those which were contained wholly within the 
casting (for a given size inclusion). 

4. The yield strength is not affected by inclusions 
of the type and size encountered in this investigation. 

5. The use of a neutral flux is a much more effec- 
tive way of eliminating inclusions than the use of 
ordinary skimming precautions. 
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DISCUSSION 


Chairman: W. E. SicuHa, Aluminum Co. of America, Cle, 

land 

Co-Chairman: J. C. DEHAVEN, Battelle Memorial institut 

Columbus, Ohio 

H. E. Trimsie’: What is the chemical composition of tly 
material used as a flux in this operation? 

Mr. Expert: We used a solid flux, which contained sodiuy 
chloride, potassium chloride and a small amount of cryoliy 

Mr. Trims_e: The weight of aluminum oxide and aluminun 
being nearly the same is the biggest cause of our trouble wit! 
aluminum oxide inclusions in aluminum castings. I would lik; 
to know if there has ever been a determination made as to th; 
relative weights of the two? 

Mr. Esert: I do not have information on this subject. Hoy 
ever, we did notice that although the aluminum oxide and alum 
num had relatively the same densities, at least so it is give: 
in the handbooks, there seems to be a difference in the effectiy: 
density or the effective specific gravity. It seems there must | 
some air entrapped in the dross or oxide that is formed. At an) 
rate, a portion of it usually floats to the surface. In all ow 
work we skimmed twice, first, when we pulled the crucible fron 
the furnace and again when we were ready to pour the meta 
As a result we seemed to be able to get a lot of it off. 

Mr. TRIMBLE: Why is it such a difficult task to get all th 
oxide out of the aluminum? I wondered if at Case you have 
made a study relative to the weights of oxide and metilli 
aluminum? 

Mr. Esert: Our problem was that of determining the effec: 
of the inclusions. 

D. Bascu*: May I ask how you determined the oxide? 

Mr. Esert: We did not run a check on the analysis but frov 
experience and from the appearance of the inclusions we : 
duced they were oxides. The flux inclusion has a distinct! 
different appearance. Consequently, we assumed that the re 
maining inclusions were oxide inclusions. 

CHAIRMAN SicHA: Mr. Ebert did touch on the characteristic 
of these oxide inclusions but there has been sufficient wor 
done on the subject so it is very well established that the oxide 
has a higher specific gravity than the aluminum molten metal 
That would mean that the oxides, if they were true oxides 
would tend to sink. However, they are almost invariably of 
such a nature that they are porous and they contain a certain 
amount of occluded and trapped gas and that can be readil 
observed by examination of a section under a microscope. You 
can see they are quite porous and with that trapped gas th 
specific gravity is lower than that of the melt and therefor 
the dross particles tend to rise although the difference in specili 
gravity is such that the tendency is not marked. 

W. E. Martin*: I want to confirm your findings that th 
yield strength is not affected by inclusions. In testing several 
thousand routine sand cast aluminum alloy test bars at Sper’ 
Gyroscope Co., Inc., we made yield strength determinations anc 
definitely established there is no correlation between yield 
strength and inclusions. The ductility and tensile strength 
were affected by inclusions, as you have shown. In surmising 
as to the effect of inclusions on load-carrying ability of alum 
num castings, I would say that the inclusions do carry an elastic 
load. That is, as long as the load is purely within the elast« 
region, the inclusion is carrying its portion of the load. It * 
only when plastic flow starts that the effect of the inclusion 


1U.S Naval Ammunition Depot, Crane, Ind. 
2 Almin Ltd., Schenectady, N. Y. 
3 Wm. F. Jobbins, Inc., Aurora, Ill. 
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etrimental. I think the inclusion is not malleable. It 
flow plastically. These remarks are meant to apply 
ses of static loads, not repeated on fatigue loads. 
EperT: In agreement with your comments on the effect 
all plastic strains, we also found the yield strength 
fecteel. 
er: in thousands of test bars that we have pulled the 
eth is absolutely unaffected by inclusions in the nor- 
tions encountered. We have had, though, the advan- 
having had a good many inclusions along the axis of 
ind they have no effect. That would indicate again 
sensitivity such as you have indicated. 
ilso would like to check the effect that any alloy con 
magnesium vastly increases the tendency to oxide inclu 
Sometimes, depending upon the magnesium content, you 
resort to rather unusual foundry practices to pow 
mn-free castings. 
It would be well to have a more adequate description of 
thors’ melting practice, particularly with regard to con- 


No. 5, that the use of a neutral flux is so important 
in inclusion-free bars with some of these alloys. Most 
f the alloys used here were the most castable there are. 
Usually fluxes are not necessary, providing the use of the flux 
f the type that the authors used is understood. People have used 


fluxes and gotten into difficulties with regard to inclusions and 
we do not blame the flux for it, but the manner in which the 
flux was handled. In other words, there always seems to be 
the necessity for the strong right arm on the stirring rod after 
the flux application. This stirring of the flux which the 
foundryman feels necessary actually tends to stir in some of 
the surface oxide which normally would have remained where 
t could have been handled. In those instances, sometimes leav- 
ing the flux out has actually helped the situation. 

You have used a surplus liquid flux in your melting opera 
tion but you did all your melting under this molten flux layer 
ind rather than stirring the flux in after the bath was com- 
pletely melted. 

Mr. Expert: The metal was melted in an 80-Ib. capacity 
graphite crucible in an oil-fired pot furnace. The charge was 
we always melted a full crucible. The melting itself 
took anywhere from 14 to 1 hr. The flux was added at approxi- 
mately between 1250° and 1300° F. when the metal was com- 
pletely molten. It was added in the solid form and melted. 
\fter the metal had reached equilibrium it was pulled from 
the furnace and skimmed. In both cases (melting with and with- 
out flux) it was skimmed after it was pulled from the furnace. 
[he pot was then taken out to the foundry room and allowed 
to stand until it cooled down to the pouring temperatures that 
we wanted. This usually required from three to five minutes, 
and in half that length of time the metal was again skimmed. 
We did not have to worry about the amount of metal that we 
wasted in skimming, so we skimmed liberally. Then the metal 
was poured directly from that crucible into molds. 

Regarding the comments about whether it is necessary to 
flux or not, I will not say. All that we attempted to do was to 
present our data and for the particular alloys that we used 
ind with the foundry practice we used, which I think is prob- 
ably average or a little better than average, we found that the 
number of inclusions decreased when we used this neutral flux. 
[can point out again that the influence of inclusions is small 
regarding specifications. All but five per cent of the bars with 
inclusions passed specifications. However, the inclusions did 
iffect the properties somewhat. 

HiraM Brown‘: The paper was very interesting. It brings 
uta lot of practical applica*ions for the practical foundryman. 
Have you noticed any particular color to these oxide inclusions? 
| was quite interested in what you said about aluminum oxide 
veing heavier. I notice that England has done a lot of work 
n that. They indicate that the oxide is lighter. Is there any 
‘isagreement with their findings or is it a different type? 

Mr. Esert: It is rather hard to describe the color of the 
inclusions. They were a little darker gray than the fracture. 

Mr. Brown: Did you notice any brown or black ones? 

Mr. Exert: I think in some we found black inclusions. 

CHAIRMAN SIcHA: I have not seen the results of this British 


80 Ib.; 


r Aircraft Corp., Des Moines, Iowa 
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work but feel quite sure it does not indicate that the specific 
gravity of aluminum oxide is comparable to that of the metal 

MEMBER: In our experience, the aluminum oxide inclusions 
present in aluminum alloys containing no magnesium are in 
variably a gray color. In the alloys containing magnesium, such 
as the alloy 355, 356 and 142 types, particularly after heat treat 
ment, you cannot mistake them. They are almost black. In 
fact, they go in some parts of the country by a very descriptive 
term, “niggerheads,”’ because of that distinctive color 

J. E. Guti*: Do you have data on material extremely loaded 
with oxide? A company in the East wanted me to put alumi 
num oxide in the melt and cast a rotor plate for a potato 
What effect might that have 
According to your statements it would 


peeler with 25 per cent oxide 
on the tensile strength? 
reduce it to no strength whatever 

Mr. Esert: We made no specific attempt to add inclusions 
in our work. The largest area that was covered by inclusions 
was about 5 or 6 per cent of the total cross section. With regard 
to the effect of 25 per cent inclusions, I do not have data but 
I would judge the properties would be very low 

Mr. Gitt: Would you guess as to what alloy would carry 
“the inclusions best? 

Mr. Esert: From the data we have presented, the ductility 
in the range we have investigated seems to have no influence 
on the effectiveness of inclusions. However, I rather suspect 
that if you could get an alloy with a large amount of ductility 
it would have a better chance of carrying the very high non 
uniform load. We surmised that the inclusions acted as stress 
raisers and introduced some transverse tensions. If that is the 
case, we know from the large amount of work we have done 
in notch testing that the more ductile alloys are more immune 
to the severe test of stress raisers. 

J. D. Troncace*: We made some specimens out of 40-E alloy 
It has a small percentage of Ti, Cr, magnesium-zinc alloy. We 
made some specimens of 100 per cent virgin metal on the first 
pour and we found that we had more inclusions in the inversion 
material in the first specimens. Then the second group of speci 
mens were made from 50 per cent virgin and 50 per cent gates 
and risers, and there were no inclusions in the test bars. The 
metal was melted in a silicon carbide crucible. I really believe 
that some of the metal might have absorbed some of the silicon 
carbide in the crucible. 


5 Lakeshore Pattern Works, Erie, Pa 
* Aluminum Brass Foundry, Los Angeles, Calit 


TasLe I]J—Typicat Data SHOWING SCATTER OF RE- 
SULTS FROM ONE SPECIAL HEAT OF INCLUSION-FRE! 
Test Bars 
Three Point Tensile Test Results for CN2! Alloy Solution Heat 
Treated and Stabilized 





Pouring Minimum Yield Tensile Elongation 
Temp. Dia. Strength Strength in 2 in. 
°F. In. 1000 psi. 1000 psi Per Cent 
1320 0.501 28.1 30.7 1.0 
1320 0.494 28.6 30.8 1.0 
1320 0.500 27.9 29.6 1.0 
1320 0.500 27.5 28.9 1.0 
1315 0.495 27.0 29.5 1.0 
1315 0.497 27.2 28.2 1.0 
1315 0.503 27.5 29.4 1.0 
1315 0.496 28.0 29.4 1.0 
1310 0.497 27.4 30.1 1.0 
1310 0.500 27.2 29.8 1.0 
1305 0.496 26.5 29.8 1.0 
1305 0.501 27.0 29.7 1.0 
1305 0.497 27.3 28.7 1.0 
1300 0.501 28.1 30.6 1.0 
1300 0.493 27.8 29.4 1.0 
1300 0.499 28.2 28.7 1.0 
1300 0.499 278 29.0 1.0 
1300 0.503 27.8 30.2 1.0 
1300 0.494 27.6 30.2 1.0 
1300 0.502 28.0 29.7 1.0 
Average 27.6 29.6 1.0 
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PasBLeE 1V—AVERAGE ‘TENSILE PROPERTIES OF CHAIRMAN SicHa: I strongly suspect there were some diffe, 
INCLUSION-FREE Test Bars ences in melting practice that would be accountable jor i}, 
oxide. You can with a damaged silicon carbide crucible ac; 
Yield Tensile Elongation get silicon carbide inclusions in the melt. 
Alloy Condition Strength Strength in 2 in. I feel as a matter of record it would be very interesting 
1000 psi. 1000 psi. Per Cent have the physical properties of the molding sand that was ise 
eaMenes ot in these tests included.* If someone does similar work a; a | 
= ciara a a P as 28 date, it might be a factor in the results obtained. 
ms re See. 2-3 am 17.9 24.7 L7 With reference to the second conclusion of the paper 

CS92 As Cus. 04 hr ; 168 24.4 16 stated that various alloys are affected differently by i Usions 
— ; “ony A nti ve : of different sizes. That sounds just a little too positive to me 

CS22 As Cast, 2-5 wk. 21.7 = ap It would seem to me, from the data presented that the co; 
S2 As Cast, 2¢ br. 9.9 22.2 54 clusion might rather be that mechanical properties of , 
S2 As Cast, 2-3 wk. 100 22.1 48 various alloys are affected to much the same extent by incy 

SC21 14 21.1 33.2 as sions of a particular size. 

SC2I re 28.0 56.9 pie Another point—it might amplify the story a little bit , 
Cl 14 18.8 34.5 ae have some actual mechanical properties. All of this work j 
Cl a... 26.6 37.8 3.0 properly based on percentage figures so as to provide good com 

CN21 SHT and Stabilized 27.9 31.0 1.0 parisons. However, just as a matter of interest, I think it would 
Cc | — ae 24.3 98 help to include some of the actual properties on inclusion-fre, 
C2 ye pte 9-3 oe 168 96.1 50 test bars, principally to show the degree of Scatter in thos 
wai ped ade iy , = = ye a inclusion-free bars because this sort of analysis is very tricky 

poe As Cast, a4 hr. 17.3 — 1.4 and if there is a tremendous scatter in the inclusion-free bay 

CS22 As Cast, 2-5 wk. 23.1 — Ll it might raise a question about the actual numerical value 
S2 As Cast, 24 hr. 102 21.3 5.4 attached to the effects of the inclusions. 

A.J As wa wk a te a W. Bonsack’": The analysis you gave was quite interesting 
_ o™ os a _— in particular the fact that most of your inclusions were found 
_ be 4 pe Me in the circumference or the surface of the casting. May there 

CN?} SHT and Stabiliont ree “8 on not be a possibility that these surface defects are due to tur 
a : _— , sai bulence in the mold or because of the molding sand? It mig! 

~— - Pure ee , — ii not be in the metal at all. , 
a chy ae hes Mr. Epert: That may very well be. I do not think I ca 
Cl r4 16.1 33.5 8.7 answer that directly because we have made no measurement 
Cl T6 25.6 37.1 5.1 of turbulence. Our chief aim was one of finding the effect 












the inclusions, no matter how they got there. 

Mr. Bonsack: You made the statement that when the alloy 
contains magnesium, the more magnesium the more inclusions 
You may find that just the moisture in the molding sand creates 


PABLE V—AVERAGE MOLDING SAND PROPERTIES 
more inclusions in the magnesium bearing alloys than in mag 





» « ili 95 . rh: : ° 
F ermeability ; - nesium-free alloys. This should be taken into consideratior 
Strength (Compression) 4.7 psi. Mr. Epert: That may very well be. 7 
Moisture 6.0 per cent 
Temperature 72° F, * Note: The avthor did so by including Tables 3, 4 and 5 
7 Nationa! Smelting Co., Cleveland 
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SEGREGATION IN MANGANESE BRONZE 


George E. Dalbey * 
Industrial Laboratory 
Mare Island Naval Shipyard 
Vallejo, Calif. 


ABSTRACT 


some conditions, manganese bronze melts contain a 
consisting of iron, silicon, aluminum and manganese. 
stion of the sludge is associated with silicon contents in ex- 
| per cent. There is a tendency for elongation to decrease 

n increases. The sludge will cause thin castings to misrun. 


THE FOLLOWING INCIDENT Called attention to the 
effect of small amounts of impurities in manganese 
bronze. 

In pouring several molds from the same ladle of 
molten manganese bronze, the molder noted that the 
metal seemed to cool faster than usual. He also noticed 
a tendency toward formation of a sludge, which floated 
in the metal. It was assumed that the furnaceman 
had not brought the metal up to the desired tempera- 
ture, but he insisted that he had done so. Pyrometers 
were checked and found to be in order. Several days 
later the same thing occurred again, and once more 
the temperature was checked and found to be as or- 
lered. An analysis of the metal showed that it con- 
formed to required specifications. When some of the 
floating sludge was analyzed, it was discovered to be 
higher in iron and silicon content than the original 
metal. These questions immediately arose: 

What part, if any, did the silicon play in the forma- 
tion of the high iron sludge? 

What amount of silicon can be tolerated, with no 
letrimental effect? 

What is the source of the silicon contamination? 


Test Procedure 

In testing to locate the source of the silicon con- 
‘amination, ingots from several shipments of manga- 
nese bronze were sectioned. The section surfaces were 
prepared for macroetching by grinding on a 230 grit 
belt. The surfaces were then etched in a 10 per cent 
ammonium chloride solution for two weeks. By that 
ume rusty colored patches had developed on the sur- 


‘aces, where there were local segregations of iron. 


In Fig. 1 are photographs, at two magnifications, of 
‘wo ingot sections etched for two weeks in a 10 per cent 


Note: This paper was presented at a Brass and Bronze Session 
‘ the 5lst Annual Meeting, American Foundrymen’s Association, 
it Detroit, April 28-May 1, 1947. 

* The opinions or assertions contained herein are those of the 
‘titer and are not to be construed as official or revealing the views 
t the Navy Department or the Naval Service at large. 


ammonium chloride solution. A shows no evidence of 
iron segregation and was the best lot of ingot examined. 
B shows a marked segregation toward the top of the 
ingot; it was the worst lot of ingot examined. Other 
ingot shipments ranged between. 

From the sections shown in Fig. 1 samples 4 x 14 in. 
were taken for microscopic examination and chemical 
analysis. Figure 2 shows the location from which the 
samples were taken. 

Figure 3A, location Al of Fig. 2 at 100 magnifications, 
shows a beta-structured manganese bronze with the 
iron compound well distributed. Figure 3B shows the 
same location at 500 magnifications. Note that the 
areas around the large iron compound segregations are 
largely free of the small iron compound segregations. 
Table 1 gives the average analysis of this section, 
sample number 2Al. 

Figure 4A, location 2B of Fig. 2, at 100 magnifica- 
tions, shows an alpha beta structured manganese 
bronze, with the iron compound well distributed. Fig- 
ure 4B shows the same location at 500 magnifications. 
Table 1, under sample number 2B2, gives the average 
analysis of this section. 


Fig. 2—Sketch of ingot sections, A, left and B, right, 
shown in Fig. 1, showing location of chemical, spectro- 
graphic and microscopic samples. Numbers 1, 2 and 3 
are the microscopic and chemical samples. Numbers 
4,5,6,7,8 and 9 are the spectrographic spark locations. 
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Fig. 1—Vertical sections of two manganese bronze ingots at approximately 2X etched in 10 per cent ammonium 
chloride solution for two weeks. A, left, shows no evidence of iron segregation, and B, right, shows marked segrega- 
tion toward the top of the ingot. 


Fig. 3A (left) Photomicrograph at 100X of beta manganese bronze, polarized light, electrolytically polished and 
etched. Location 1A, Fig. 2. Fig. 3B (right) —Same as Fig. 3A, except magnification is 500X. Areas around the 
large iron compound segregations are largely denuded of the small iron compound segregations. 
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Fig. 4A (left) Photomicrograph at 100X of an alpha-beta manganese bronze, polarized light, electrolytically 

polished and etched. Location 2B, Fig. 2, showing satisfactory iron compound distribution. Fig. 4B (right) — 

Same as Fig. 4A except magnification is 500X. 












Fig. 5A (left) Photomicrograph at 100X of an alpha-beta manganese bronze, polarized light, electrolytically 
polished and etched. Location 3B, Fig. 2, showing an unsatisfactory iron compound distribution. Fig. 5B (right) 
—Same as Fig. 5A except magnification is 500X. 
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- [aBLe 1.—AVERAGE ANALYSIS OF SECTION SHOWN IN Figure 5A, location 3B, of Fig. 2 at 100 magnifica- 
on Ficure 2. tions, shows an alpha beta manganese bronze, with a 
Kh a : S : 
Fas marked segregation of the iron compound. Figure 5B 
; i ne z 2B3 is the same location at 500 magnifications. See Table 1, 
= Cu 55.71 mes = sample number 2B3, for average analysis of this section. 
? da Pry 38.03 37.55 The symbol Zn, in the tables is used to denote the 
+ me 48.25 wy be zinc equivalents, which were calculated by using Gil- 
' i — 0.05 0.05 let’s equivalents. 
od “ 0.81 1.00 1.96 Spectrographic examination was made of the sections 
Al 0.80 0.67 0.70 h in Fie. 1. The locati f th hi 
Mn 0.42 0.78 0.79 shown = ig. - 4 ne LOCaton or tne spectrograp ic 
_ 0.03 0.01 0.03 sparks is indicated in Fig. 2. There was no discernible 
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Laboratory Melting Tests 
Test heats using commercial manganese bronze jp. 
gots of known analysis were melted in a small gas fireg 
crucible laboratory furnace. Silicon was added to the 
different heats as a calculated amount of silicon bearing 
alloy, such as PMG (copper 71.06, silicon 22.24. ang 
iron 6.16 per cent). A 50/50 silicon aluminum allo 
was also used to add silicon to the melt. 


difference between sparks 4, 5 and 6 on section “A.” 
Sparks 8 and 9 were much higher in iron and silicon 
than spark 7 on section “B.” 

An examination of Fig. 1 would indicate that these 
results were to be expected. 

Some of the corrosion products were removed from 
the surface of 2B3 and spectrographically examined 
with the following results: 


2B2 Metal 2B3 Corrosion A pyrometer haying a chrome] alumel thermo, ule 
Fe 0.70 % 20.0 % was used to determine temperatures. Standard kee! 
Si 0.008 1.10 block test bars were poured. 
Ratio Fe /Si 88. 18. Tables 2, 3 and 4 show the effect of adding silicon to 
This indicates that silicon segregates with the iron. the manganese bronze heats. 


TABLE 2.—PMG ALLoy USED For SILICON ADDITIONS. 















































HEATS A B Cc D | 
Furnace Charges s a 
Ingot 100% 99.32% 98.70% 96.60% 
PMG —- 0.45 0.90 2.25 
Zinc —_ —- 0.23 0.4 1.15 
Total charge 100.0% 100.0% 100.0% 100.0%, 
Furnace temperature 1875°F 1870°F 1885°F 1880°F 
Pouring temperature 1840°F 1840°F 1840°F 1820°F ’ 
Physical Properties 
Yield point 32000 30000 29500 26000 
Tensile strength 77600 77600 81300 59000 
Elongation 11.5% 15.0% 16.0% 5.0! 
Chemical Analysis iS 
Cu : 55.41 55.41 55.26 55.49 il 
Sn 0.10 0.10 0.10 0.10 
Zn 42.16 42.21 42.55 42.5 
Zn. 49.36 48.75 48.82 49.97 1S 
Pb Tr Tr Tr Ir 
Ni Tr Tr Tr rr 
Fe 0.85 0.85 0.82 0.70 
Al 1.00 0.92 0.89 0.88 
Mn 0.48 0.51 0.38 0.22 
Si Tr Tr Tr 0.14 
Si expected 0.0 0.10 0.20 0.50 
Taste 3.—PMG ALLoy UseEp For SILICON ADDITIONS. 
HEATS E r G H a 
Furnace Charges 
Ingot 100.0% 99.32% 98.64% 96.607, 
PMG - 0.45 0.90 2.25 
Zinc — 0.23 0.46 1.15 
Total charge 100.0% 100.0% 100.0% 100.0% 
Furnace temperature 1870°F 1875°F 1880°F 1880°F 
Pouring temperature 1845°F 1840°F 1840°F 1860°I 
Metal Sludge Metal Sludge Metal Sludge Metal Sludge 
Furnace Products 98.8% 0.0% 97.9% 1.0% 93.7% 5.2% 90.9% 7.85% 
Physical Properties 
Yield Point 25000 -- 22000 - 22000 — 25000 
Tensile Strength 63000 63500 - 60700 — 62400 
Elongation 43.0% 41.5% — 41.5% — 30.0% 
Chemical Analysis 
Cu 58.25% _- 59.36% 57.39% 59.11% 54.29% 59.53% 57.687 
Sn 0.35 - 0.22 Tr 0.34 Tr 0.37 I'r 
Zn 38.37 — 38.82 — 38.47 — 38.34 oe 
Zn, 45.56 ~~ 45.16 — 44.36 — 45.50 ~ 
Pb Nil — Nil — Tr — Nil rr 
Ni Nil -- Nil Tr Nil Tr Nil Tr 
Fe 1.35 --- 1.18 4.65 0.95 8.77 0.62 2.99 
Al 0.86 -- 0.77 1.14 0.68 1.57 0.72 1/3 
Mn 0.45 -—- 0.45 0.68 0.45 0.58 0.28 U.39 
Si Tr — Tr 0.33 Tr 1.15 0.14 0.60 . 
Si expected Nil -- 0.10 — 0.20 — 0.50 - exp 
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feeding heads. 


than expected. 


| well distributed. 


sing 


increased. 


tures on heats E to L 







the silicon 


sts 


tertainment of molten metal. 


inclusive. 

in alpha beta manganese bronze of approximately 

alpha, with the iron compound well distributed. 
It is difficult to account for all the iron, aluminum, 

ranese and silicon due to the non-homogeneous 
dition of the sludge and the metal. 
increases there is a tendency for the 
luminum, manganese and iron to decrease in the 
tal, and to increase in the sludge. The sludge con- 
of a compound high in iron, with considerable 


Summary and Conclusions 


e was no evidence of a sludge formation in heat 
its B, C and D showed increasing sludge forma- 
silicon was increased. No attempt was made to 
the sludge from the metal in these heats. 
sludge which forms when silicon is added has a 
ncy to float close to the top of the molten metal, 
e would expect the metal in the bottom of the 
s and test bars to be more free from the sludge 
r constituents than the top of the castings and 
The samples for chemical 
ind the test bars were taken from the bottom of 
stings. This might account for the silicon being 


were no noticeable differences in microstruc- 
[he structures were beta with the iron com- 


re was no evidence of a sludge formation in heats 
I. However, heats F, G, H, J, K and L showed 

sludge formation as the silicon additions 

The sludge was held back in the 
le by using a skimmer while pouring. 

here were no noticeable differences in the micro- 

The structures 


In general, 


Small amounts of impurities in manganese bronze 
iy result in the following conditions: 
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trate in sludge formed during the melting operation. 

2. The sludge has a tendency to float close to the 
top of the molten metal. 

3. A silicon content of 0.1 per cent or under will 
cause enough sludge to form so that it is noticeable 
on pouring the metal. 

4. The amount of sludge formed increases as the 
silicon content increases. 

5. The sludge formation increases as the metal cools 
from furnace temperature to pouring temperature. 

6. There is a tendency for the elongation to decrease 
as the silicon increases. 

7. Sludge in the metal will cause thin castings to 
misrun. 

8. The higher the iron content of the charge the 
more it will concentrate in the sludge with a given 
silicon content increases. 
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Discussion 


H. M. St. Joun, Crane Co., Chicago 
A. K. Hiceins, Allis-Chalmers Mfg. Co., Mil 


Chairman: 

Co-Chairman: 
waukee 

Gro. P. HALLIWELL ?: 

tention a subject so frequently 

manganese bronze that it would sometimes seem that they are 


The author has brought to our at 
infused into discussions of 


synonymous. This is unfortunate, because segregations of iron- 
rich particles can be traced generally to faulty metallurgical 
practice, either in the original compounding of the alloy or in 
the foundry. 

Iron is added to manganese bronzes to decrease the grain size 
with a resultant beneficial effect upon mechanical properties, It 











- lron, silicon, aluminum and manganese concen- | Oieties of Sih 2 Beene tb Oe Cte & 
a TABLE 4.—ALUMINUM SILICON ALLOys USED FOR SILICON ADDITIONS. 
rs I J K L 
() Fk urnace Charges 
5 100% 99.8% 99.6% 99.2% 
: ‘ 0.2 0.4 0.8 
9, | Charge 100% 100.0% 100.0% 100.0% 
0°f e temperature 1880°F 1880°F 1875°F 1920°F 
0 temperature 1840°F 1840°! 1835°I 1840°F 
Physical Properties 
. t 21000 23000 28500 
eng 63500 63500 61000 
- 50.0% 46.5% 21.0% 
Meta! Sludge Metal Sludge Meta! Sludge Meta! Sludge 
Products 98.9% 0.0% 96.59 2.1%, 95.1% 3.7% 88.6% 9.9% 
Chemical Analysis 
5 60.08 60.45 54.54 6C.55 55.19 60.61 54.23 
Tr 0.05 0.05 0.05 0.05 0.05 0.05 
36.94 36.76 31.60 36.73 34.56 36.53 32.15 
43.58 - 45.01 45.85 46.43 
Tr Tr Tr Tr Tr Tr Tr 
Tr Tr Tr Tr Tr Tr Tr 
7 1.47 - 0.99 10.89 0.79 6.93 0.68 9.44 
J 6.83 1.16 1.29 1.13 1.70 1.33 1.75 
: 0.68 0.59 0.59 0.63 0.67 1.33 1.75 
v Tr -- Tr 1.04 0.12 0.90 0.19 1.67 
x ted Tr — 0.10 — 0.20 -- 0.40 - 
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Fig. 6A—Unetched. Mag. 1500 X. 


Fig. 6C—Unetched. Mag. 100x. 
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Fig. 6B—Etched. Mag. 1500x. 


Fig. 6D—Nital etch. Mag. 100X. 





may be added as metal or as a suitable hardener. It is claimed 
by some investigators that better mechanical properties are ob- 
tained by the use of hardeners, although this has not been the 
writer’s experience. When properly alloyed, iron is soluble in 
the liquid state as discreet particles of the iron-rich compound, 
such as shown by Mr. Dalbey in Fig. 3 A. 

It is unfortunate that the author used the electrolytic etch, as 
the conventional aluminum oxide and broad cloth technique 
produce better results. It is difficult to distinguish, in Fig. 3 B, 
between iead, holes, iron-compound and the effects of tarnish. 
The area around the large particles which appears to be denuded 
of iron may be real, but the writer has seen such a condition re- 
moved by a light mechanical polish on broad cloth. 

If the iron has not been properly alloyed it will occur as segrega- 
tions of hard metallic particles. The presence of silicon in some 
of these particles indicates that part of the iron and manganese 
has been oxidized and combined with silica. The source of the 


silicon may be the sand on returned gates, sprues, etc., or from 
the crucible or furnace lining. An area consisting of the norma! 
iron-rich constituent and iron-rich silica particles is seen in Fig 
6 A and 6 B at 1500 diam. In the unetched condition (Fig. 6 A) 
the normal iron-rich constituent is seen as a light colored phase 
outlined in a back ground of about the same tone. The slag 
particles show as dark gray. Etched lightly with a weak solution 
of acidulated ferric chloride, the normal iron-rich particles be 
come black and the slag particles remain essentially the same. lo 
this manner the two constituents are readily distinguished. Such 
slag, however, should rise to the top of the metal and be skimined 
off before stirring or pouring. 

A second type of iron-rich material results when the iron oF 
hardener is not fully dissolved. This frequently happens whe 
attempts are made, after zinc and aluminum are added, ‘o & 
crease the iron content. A piece of copper iron hardener ‘s seem 
in Figs. 6 C-E. The unetched condition is shown in Fig. 6 © an¢ 
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Fig. 6E—Etched. Mag. 500X. 


d in Fig. 6 D at 100 and Fig. 6 E at 500. High iron con- 
tent is confirmed by its reaction to the etchant, 4 per cent nitric 
acid in alcohol (Nital). The internal structure appears to be the 

id (alpha plus eta) shown in the copper iron diagram (1). 

rest bars containing such hard particles are difficult to ma- 
and will usually show low mechanical properties. If the 

ron particles are of the order of a few thousandths of an inch in 
jiameter, the fractured test bar will show small pin point mounds 

e section of the bar and corresponding sharp pointed de- 

essions on the opposite section. Such a fracture is accompanied 

decreased properties, although they may not necessarily be be- 
ow specifications limits. If silicon is present as an alloying ele- 
ment it is found precipitated as small needles or plates uniformly 
listributed throughout the alloy. Fig. 6 F shows its appearance 
in a low iron alloy and Fig. 6 G in a high iron alloy. 

Several years ago, in a discussion of a paper by Dr. Gillett on 
The Role of Silicon in Non-Ferrous Castings,” 2 the writer pre- 
1 data on the mechanical properties of manganese bronzes 
containing from 0 to 0.6 per cent silicon. For every 0.1 per cent 
ilicon present the mechanical properties of a manganese bronze 
containing 58 per cent copper and one per cent each of alumi- 
num and iron were affected as follows: 


senter 
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Tensile Strength 
5% Yield Strength 
% Elongation 


Brinell Hardness 
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he rapid increase of the yield strength is of particular interest. 
When silicon is desired in a manganese bronze containing nor- 
imounts of iron, there will always be a loss of both silicon 
ind iron, such as was found by the authors of the present paper. 
However, in the above mentioned alloys? no difficulty was ex- 
perienced from the formation of a slag. That it was formed is 
t from the loss of iron in the original alloy and the loss of 


half the silicon added. 
s not clear from Mr. Dalbey’s paper whether each heat of 
me general copper content was made from the same batch 
tal. If so, the progressive decrease in iron, heats E to H, 
be expected. It is rather surprising that no silicon was 
ed in heats F and G. At least a few hundredths would be 
ed, unless the PMG hardener was not thoroughly im 
| in the liquid. 
in general, the properties given in the paper are lower than 
the writer is accustomed to associate with this alloy and 
osition. This is especially true of the alloys with high silicon 
its, heats H, K and L. This may be due in part to the use of 
rent test bar. We use the 54 in. web-webbert molded and 


poured flat. The use of the term “yield point” is very misleading 
It is generally accepted that a yield point does not exist in copper 
brass alloys. The Navy specifies yield strength at 0.2 per cent 
offset, while A.S.T.M. recommends the yield strength at “0.5 per 
cent elongation while under load,” as an alternative. Both these 
yield strengths are commonly used, but they should be and are 
generally identified, as they vary with respect to each other in 
the higher strength bronzes. Whereas the offset yield is lower in 
the low strength bronzes it is considerably higher than the 0.5 
per cent yield strength in the 100,000-pound manganese bronze 
In conclusion, the writer should like to emphasize that segrega 
tions of hard spots in manganese bronze are not endemic to that 
alloy, but are the results of faulty metallurgical practice either 
when the alloy is first made or later melted. If any of the iron 
and manganese becomes oxidized, it is a metallurgical axiom that 
they combine with the nearest silica available to form a slag. Free 
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silicon is seldom present in the usual manganese bronzes and 


never in the high strength type, if optimum properties are to be 
obtained 

G. H. CLamer?: I was particularly interested in Mr. Dalbey’s 
paper because it may have a bearing upon the problem now under 
investigation before Subcommittee B-1 of Committee B-5, ASTM. 
I have been chairman of that subcommittee for many years. To 
a task group within that subcommittee has been delegated the 
problem of explaining hard spots in manganese bronze. The 
task group submitted a questionnaire to persons competent to 
discuss that subject. The majority were of the opinion that hard 
spots are caused by undissolved iron containing carbon. 

I have never investigated manganese bronze for its silicon 
content, nor the effect thereof. There is no restriction on silicon 
content in the present ASTM specifications covering manganese 
bronze. As to silicon pickup, recently we had an experience in 
melting aluminum in an induction furnace with a siliceous lining. 
Although there was no silicon pickup when the aluminum was 
held around its melting point, when the temperature was in- 
creased considerably beyond the melting point there was a silicon 
pickup of about 2 per cent. Manganese bronze contains alumi- 
num. The reaction of the same on the silicate of the lining may 
account for the presence of silicon in that alloy. Manganese bronze 
when molten reaches the reaction temperature. It is worth while 
to investigate silicon pickup in manganese bronze for that reason. 

I have never previously heard of the silica sludge described by 
Mr. Dalbey as being present in manganese bronze. 

J. F. Epnre*: It might be helpful in this discussion to report 
some of our experiences, some years ago, in regard to hard spots 
in manganese bronze. We found that a hard spot was always 
associated with a segregation of iron; that is, the hard spot was 
always iron-rich. There was one puzzling feature, namely, the 
presence of such iron-rich segregations did not necessarily lead 
to machining difficulties. But always when machining difficulties 
were encountered, the iron-rich particles were responsible. We 

1 Ajax Metal Co., Philadelnhia 


* Duquesne Smelting Corporation, Pittsburgh 
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had occasion to isolate some of these hard spots which wer 
ing machining difficulties and we found that the Brinell | 
of these spots varied considerably, but went as high as 300 o 

In all cases the carbon content would range from 0.7 
per cent, the manganese up to 10 per cent and the silico: 
1 per cent. I think this information is a very important a 
to what Mr. Dalbey has been bringing to our attention. 

In conclusion, I think the method of manufacture 
ganese bronze is an important consideration to reme 
trouble. It is possible to make the alloy containing mar 
spots. Our company, after considerable research on this 
went exclusively to the use of electric furnaces for the manu! 
of manganese bronze. Since that time this problem of segr: 
has been completely eliminated and we have never encou 
a case of difficult machining. 

Mr. Dasey (author’s closure): The author wishes to 
Messrs. Halliwell, Clamer and Ednie for their constructi 


cussions. 

Replying to Mr. Halliwell’s comment as to whether heats | 
H were made from the same batch of metal. They were made { 
a lot of commercial ingot all of which had the same heat num 
stamped on each ingot. 

It is believed that the PMG was in solution. It will be 
that the amount of iron in the sludge is considerably in ex: 
of the iron added in the PMG. 

The figures for yield point were arrived at by the 
method, and are approximate yield strengths. 
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ABSTRACT 


1 notched-bar impact properties and the hardenability of 
m-carbon, manganese-molybdenum cast steels produced by 
lifferent melting practices were investigated. Three of the 

s identified as basic, fully oxidized and blocked; basic, 
vidized, blocked, and finished under a reducing slag; and 
oxidized and blocked, were studied more exte nsit ely. 
principal influence of melting practice on the notched 
pact properties appeared to be through control of the 
r content and sulphide distribution. In general, if sulphur 
increased or sulphides were found as a network pattern 





FROM TIME TO TIME in the production of cast 
steel, heats are produced having unusual characteristics 
that cannot be attributed to composition alone. These 
peculiarities are then ascribed to some effect of the 
melting or deoxidation practice. Often the specific 
variable can be isolated by a thorough metallurgical 
study, but not infrequently the cause is only a matter 
if speculation. 

he object of the present study was to compare the 
properties of steel produced by different melting meth- 
ods but under otherwise comparable conditions, and 
(o investigate those conditions that might account for 
the variations in properties not entirely accounted for 
by the chemical composition. 

lhe research work was conducted on steels produced 
as 550-lb. melts in a three-phase, direct-arc furnace, 
rather than on steels selected from various industrial 
sources representing the different methods of produc- 
tion. While this means of comparison suffered the 
limitation of being on the laboratory scale, it was 
believed that the advantages of dealing with a fewer 
number of variables more than compensated for the 
small size of the melt, and would make it possible to 
‘olve some of the problems that made it hitherto impos- 
‘ible to compare quantitatively steels produced by 
commercial furnaces. 

For the preliminary investigation of melting meth- 


ade f£ . ° . 
“is, four acid and four basic procedures were tried, 


*Nore: This paper is based on work done in whole under Con- 
Tact No. OEMsr-450 between Battelle Memorial Institute and 


th - “ n . 
the Office of Scientific Research and Development, which assumes 
0 responsibility for the statements contained herein. 


in the grain boundaries, the notched-ba) values were lou 

In these tests the acid steels were, generally, lower in notched 
bar impact values than steels produced by the basic practices 
This difference, apparently, is related to the higher sulphur con 


tent of the acid steels 
Variations in hardenability in some steels could not be accounted 


for by the chemistry of the steels. However, there appeared to be 
no distinct or consistent influence of any one type of melting o7 


deoxidation practice on harde nability. 


some in each group being deliberately adjusted to what 
may be considered unsound practice. Later, attention 
was narrowed down to one acid and two basic methods, 
and a number of heats were made by each procedure 
to accumulate data of more significance than could be 
furnished by one test. The large variation in methods 
of preparing the preliminary heats was intended to 
cover the extreme ranges likely to be encountered in 
commercial foundries and to aid in revealing the causes 
for those discrepancies in properties not explained by 
chemistry. 

It was not the purpose of the work to study the physi- 
cochemical reactions in the bath and slag as such, but 
rather to study what effects the reactions would have 
on the resultant products. Effects of final deoxidation 
were investigated by varying the aluminum addition 
and by using titanium along with the aluminum. 


Mechanical Properties 
The properties of primary concern were notched-bar 
impact value and hardenability. The toughness of the 
quenched and tempered steels was evaluated by notch- 
ed-bar impact tests at testing temperatures from room 
temperature to —60 F (—50 C). This test has been 
shown to furnish information, not given by the ten- 
sile test, regarding the quality of the steel. A fracture 
test conducted on 114-in. sections of quenched and 
tempered bars was expected to furnish additional in- 

formation on the quality of the steel. 
The hardenability of the steels produced by the vari- 
ous methods was subject to considerable study since 
composition alone frequently has been inadequate to 
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explain hardenability variations in commercial prac- 
tice. By standardizing on a steel of one general analysis, 
it was possible to investigate the effect of melting and 
deoxidation practice on hardenability. 


Experimental Investigations 

A 400-lb. capacity three-phase direct-arc furnace was 
used to make both the acid and basic heats. Each heat 
totaled 350 lb. A majority of the heats were deoxidized 
initially with 214 lb. aluminum per ton in the ladle. A 
cast was then made of two double-legged keel blocks, 
each weighing about 65 lb., and again after treating 
the remaining metal in the ladle with 3 lb. per ton of 
high-carbon ferrotitanium. Thus, for a given heat, 
cast blocks deoxidized with aluminum alone and also 
with aluminum plus ferrotitanium were available for 
testing. 

Three heats received an initial ladle deoxidation of 
34, lb. aluminum per ton, with the second and third 
cast of these heats receiving the deoxidizing treatments 
outlined above. The final composition desired was 
0.30 per cent carbon, 1.60 per cent manganese, 0.35 per 
cent silicon, 0.035 per cent maximum phosphorus and 
sulphur, and 0.35 per cent molybdenum. 

The 11{ in. square by 15 in. long keel legs used for 
the fracture study and notched-bar testing were heated 
at 1600 F (870 C) for 2 hr. and water quenched, fol- 
lowed immediately by a 1200 F (649 C) tempering 
treatment aiming for a Brinell hardness range of 240 
to 260. All of this material was water quenched from 
the tempering temperature. 

Fracture examinations were made on 114-in. square 
heat-treated bars notched and broken in two positions 
by loading them as a beam in a universal-type testing 
machine at its maximum speed. 

Standard 1-in.-diameter bars for end-quench hard- 
enability testing were machined from as-cast stock. 
These bars were heated in a graphite crucible to pro- 
tect them from oxidation, and held at 1600 F (870 C) 
for 20 min. before transferring to the jig for end 
quenching. 

Notched-bar testing temperattres, using the V- 
notched Charpy specimens, ranged from room tem- 
perature to —60 F (—51 C). Duplicate specimens were 
held at the testing temperature for a minimum of 15 
min. Triple-notched Izod bars were also used but only 
for testing at room temperature. 

Specimens for microscopic examination were taken 
from a keel from each cast of each heat. These were 
examined and rated for sulphide and oxide cleanliness 
and for the type of sulphide inclusion. 


Preliminary Investigation 
A preliminary investigation of the basic and acid 
practices consisted of using four different melting pro- 
cedures for each type of lining. These are outlined as 
follows and are described in greater detail in the Ap- 
pendix where heat logs representing each practice are 

given: 
Type oF HEAT 


SILICON AND MANGANESE 
ADDITIONS 
All silicon and manganese 
added to the furnace at the 
block. 


Basic or acid, fully oxidized 
and blocked. 
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Basic or acid, fully oxidized, All silioon and ma» sane. 
and not blocked. added to the ladle. 

Basic, fully oxidized, blocked, One-half of the man zane 
and finished with a reducing added to the furnace 4 th. 
slag. block and the other ha!f plys 

the silicon added 5 min. before 
the tap. 

Acid, fully oxidized, blocked, One-half of the manzaney 
and with silicon reduced from added to the furnace at the 
slag. block and the other half addeg 

: to the ladle. 

Basic, partially oxidized, One-half of the manganeg 
blocked, and finished with a added to the furnace at the 
reducing slag. block and the other half plys 

the silicon added 5 min. be 


Acid, partially oxidized and fore the tap. 


blocked. All the silicon and mang:. 
nese added to the furnace x 
the block. 


In the preceding tabulation, “fully oxidized” means 
that the melt-down carbon was between 0.35 and ().45 
per cent, and that sufficient iron ore or mill scale was 
fed into the furnace to obtain a vigorous boil which 
resulted in a carbon drop of 25 to 35 points. “Partially 
oxidized” means that the melt-down carbon was be 
tween 0.20 and 0.25 per cent and that no iron ore or 
mill scale was added; only a few points of carbon drop 
were obtained between melt-down and blocking 

Either pig iron and ferromanganese or pig iron, fer. 
rosilicon, and ferromanganese were used to block the 
heats, and the holding time after the addition was 
timed to be 5 min. in all cases, except when a reducing 
slag was made in basic practice or when silicon was 
reduced from the slag in acid practice. In those two 
cases, the holding time after the block was about 6) 
min. and 20 min. respectively. The basic reducing slag 
was developed by removing the first slag before the 
block, adding about 3 Ib. of ferromanganese (equiva- 
lent to 0.72 per cent manganese increase) with the pig 
iron, and building up a new slag with burnt lime and 
fluorspar. 


Periodic Treatment of Slag 

The new slag was periodically treated with powdered 
carbon until the water-quenched slag sample became 
white and gave off an acetylene odor. It was necessary 
in some heats to make further pig iron additions to ad: 
just the carbon content. Silicon was reduced from the 
slag of the fully oxidized and blocked acid heat by 
adding half of the total ferromanganese one minute 
after the block and raising the bath temperature so 
that in about 21 min. after the block a tapping tempera- 
ture of 3200 F (1760 C) was obtained. 

Upon completion of the preliminary investigation 
of the heats outlined above, a more intensive study ol 
several of the melting practices was undertaken. The 
study centered about a comparison of basic {furnace 
heats which were fully oxidized, blocked, and finished 
with a reducing slag, with basic- and acid-furnace hea's 
which were fully oxidized and blocked. 

Four to five additional heats of each of these three 
types were made to see whether the preliminary results 
were a matter of chance or whether they were charac 
teristic of the melting practice employed. The charge 
for these heats contained some high-sulphur stec! scrap 
to build up the residual sulphur to that content mos 
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Fig. 1—Comparison of Charpy values of cast steels made 
with various melting and deoxidation practices. (Single 
heat results except where noted) . Water quenched from 

the tempering temperature. 
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Fig. 2—Charf’y values of individual heats of cast steels 
grouped according to melting and deoxidation prac- 
tice. Water quenched from the tempering temperature. 
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Fig. 3—End-quench hardenability curves for acid cast 
steel fully oxidized and blocked. Deoxidized with 
aluminum or aluminum plus ferrotitanium. 
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Fig. 4—End-quench hardenability curves for basic cast 
per ¢ 


steel fully oxidized and blocked. Deoxidized with 


aluminum or aluminum plus ferrotitanium. ws 
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n in production heats. Otherwise, the charge 
same as in the preliminary heats. 


Discussion 


.e discussion which follows, the principal em- 
ison the three methods of steel melting for which 
d heats were made. For the sake of brevity, 
hree methods will be referred to simply as “basic” 
basic heats fully oxidized and blocked; “basic 
d” for the basic heats fully oxidized, blocked, 
nd finished with a reducing slag; and “acid” for the 
heats fully oxidized and blocked. 
\n effort was made to keep each heat close to the 
chosen composition of 0.30 per cent carbon, 1.60 per 
cent manganese, 0.35 per cent silicon, 0.035 per cent 
maximum sulphur and phosphorus, and 0.35 per cent 
molybdenum, but the rapid rates of reaction in the 
small furnace used for the melting and the variations 
in melting procedures made it extremely difficult to 
realize fully this objective. 


Effect of Some Elements 

Sulphur contents showed the expected variations de- 
pending on the melting practice used. Thus, as indi- 
ated in Table 1, sulphur was lowest in the “basic 
educed” heats and highest in the “acid” heats. Phos- 
phorus, also, was somewhat higher in the “acid” steels. 
Nitrogen contents were affected to some extent by 
ihe reactions occurring during melting. For example, 
nitrogen contents of 0.021 and 0.018 per cent were 
ound in the two heats, No. 9438 and 9433, only par- 
tially oxidized as compared to values of 0.010 and 0.015 
per cent for the majority of the heats fully oxidized dur- 
ing melting. This trend in nitrogen content would be 
expected from the knowledge that a vigorous boil is 
the best known means of lowering nitrogen and pre- 
venting its re-solution.? 

lable 2 and Fig. 1 summarize the data on Charpy 
notched-bar values for the cast steels made with the 
various melting practices. Fig. 1 is based on the aver- 
ige values of the repeated heats and the single prelim- 
inary heats. The individual heat results of the repeated 
series are presented in Fig. 2. 

Too much weight should not be placed upon single 
heat results, and they are merely included for a general 
comparison. 

The moderate scattering in Charpy values from 
heat to heat for one melting procedure may be ex- 
pected from the nature of the test. However, where 
the spread is more pronounced, a reasonable explana- 
tion for the variation can sometimes be offered. 

\ study of the types and amounts of the nonmetallic 
inclusions is essential for a discussion of the quality of 
the steels as it is reflected in the notched-bar values. 
Cleanliness ratings, as determined by microscopic ex- 
amination of the steels used for Charpy tests, are pre- 
sented in Table 3. The sulphides are classified as to 
‘ype following the system originated by Sims and 
Dahle,* and rated as to amount according to arbitrary 
standards. Oxides were rated for amount by setting up 
arbitrary standards for comparison. However, even the 
‘teels rated as dirty in the table would generally be 
classed as clean in commercial practice. 
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Tasie |. CHEmMiIcAL COMPOSITION AND GRAIN SIZE OF 
ALL THE HEATsS 





Fracture Grain Size 
Deoxidizer Per Ton 


“% 2% 2% 
Lb. Al 
Lb. Lb. Plus 
Heat Chemistry, Per Cent 8 Lb 


No. ( Mn Si Ss P Mo N Al Al FeTi 


PRELIMINARY HEATs 


Basic—Fully Oxidized, but not Blocked 
94387 0.27 1.72 0.55 0.083 0.012 0.39 0.0110 - 614 6 


Basic—Partially Oxidized, Blocked, 
and Finished with a Reducing Slag 
9438 0.32 1.77 045 0.009 0.011 0.82 0.0210 - 7 6 


Acid—Fully Oxidized, Blocked, 
and Silicon Reduced from Slag 


~ 


9434 0.35 1.52 0.36 0.024 0.016 0.41 0.0090 6 614 7 


Acid—Fully Oxidized, but not Blocked 
9432 0.27 1.62 0.33 0.023 0.012 0.37 0.0125 - 6 6 


Acid—Partially Oxidized and Blocked 
9433 0.35 162 040 0.027 0.018 0.81 0.0180 ~ 7 7 


REPEATED PROCEDURES 


Basic—Fully Oxidized and Blocked 


9435* 0.31 1.63 0.50 0.020 0.013 0.38 0.0105 7 6 614 
9869 0.27 1.65 0.387 0.022 0.017 0.30 0.01909 - 9 6 
9870 0.32 1.84 0.46 0.022 0.018 0.28 0.0110 - 9 814, 
9871 0.27 1.72 0.34 0.022 0.019 0.29 0.0140 - 7 614 
9872 0.30 1.81 0.24 0.024 0.022 0.22 0.0110 - 7 

9874 0.30 1.64 0.32 0.022 0.021 0.30 0.0105 - 7 7 

Basic Reduced—Fully Oxidized, Blocked, 
and Finished with a Reducing Slag 

9436* 0.28 1.63 0.41 0.011 0.007 0.34 0.0165 - 6 6 
9873 0.32 1.62 0.33 0.011 0.021 0.32 0.0115 - 8 8 
9875 0.28 1.65 041 0.011 0.020 0.27 00160 - 7%, T7i% 
9876 0.32 1.74 0.27 0.011 0.018 0.36 0.0100 - 7%, 8 
9877B 0.28 1.61 0.35 0.017 0.018 0.31 0.0110 - 6 614 


Acid—Fully Oxidized and Blocked 


9431* 0.29 1.81 0.48 0.020 0.017 0.37 0.0105 6 
9980 0.34 1.61 0.20 0.032 0.028 0.33 0.0120 - 
9981 0.30 1.59 0.33 9.0382 0.027 0.388 0.0115 - 
9982 0.31 1.62 0.44 0.035 0.028 0.31 0.0195 - 
9983 0.32 1.63 0.38 0.032 0.024 0.33 0.0135 - 


* These heats were made as part of the preliminary series. 


INI DS 
EN 
~ 





Sims and co-workers have shown the very important 
influence of distribution of sulphide inclusions upon 
the toughness of cast steel. When the oxide content of 
the steel is relatively high, the solubility of sulphides 
is low, and they precipitate as globules (Type 1). 
When the oxide content is reduced by a critical amount 
of aluminum or other strong deoxidizers, the solu- 
bility of sulphides is increased and they precipitate as 
a eutectic at the grain boundaries (Type II). 

If the aluminum addition is greater than that re- 
quired for deoxidation, complex sulphides are formed 
which have a low solubility and precipitate as large 
angular inclusions (Type III). Type II inclusions 
have a very detrimental effect on the notched-bar im- 
pact properties. 
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—--| 98778 " 28 | 161] .35 | .017| 018} .31 | 08 | — " 
—--| 98778 “ #3 FeTi| 28 | 16! | 35] O17 | O18] 3: | .08 | .O1 " 















































Fig. 5—End-quench hardenability curves for basic cast 

steel fully oxidized, blocked and finished under a re- 

ducing slag. Deoxidized with aluminum or aluminum 
plus ferrotitanium. 





Fig. 6—End quench hardenability curves for basic and 
acid cast steel fully oxidized and not blocked. Deoxi- 
dized with aluminum or aluminum plus ferrotitanium. 
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Fig. 7-End-quench hardenability curves for acid cast Fig. 8—End-quench hardenability curves for basic cast 
steel fully oxidized and silicon reduced from the slag. steel partially oxidized and finished under a reducing 
Deoxidized with aluminum or aluminum plus fer- slag. Deoxidized with aluminum or aluminum plus 
rotitanium. ferrotitanium. 
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TaBLe 2.-ROOM-TEMPERATURE Izop, Low-TEMPERATURE V-NoTcH CHARPY, AND BRINELL HARDNESS VALUES OF 
Cast STEEL MADE WITH VARIOUS MELTING AND DEOXIDATION PRACTICES 





2% Lb. Al/Ton Deoxidation 21% Lb.Al + 3 Lb. FeTi/Ton Deoxidation % Lb. Al/Ton Deoxidation 
Charpy Impact, Ft.-Lb. Charpy Impact, Ft.-Lb. Charpy Impact, Ft.-Lb. 
Heat Izod, 75 0 -20 +0 -60 = Izod, 75 0 -20 -40 -60 Izod. 75 0 -20 -40 -60 


No. Ft-Lb BHN °F. °F. °F. °F. °F. P-id BEN °F. °F. °F. 8. %F. Ft-Lb BHN °F. °F. °F. °F. °F. 








Basic HEATS—FutLty OXIDIZED AND BLOCKED 
9435 50 243 «51 49 49.5 49.5 39 50 249 49.5 47 46 45.5 33 50.5 241 515 49 48 495 47.5 
9869 49.5 237 47.5 47.5 47 45 40.5 50 242 52 48.5 47.5 41 28.5 
; 9870 435 242 42 415 405 42 39.5 45.5 240 43 44 42.5 41 $3 


9871 47.5 241 48.5 50 46.5 475 41 48.5 233 52 48.5 47.5 41.5 30 
9872 435 237 43 43 43 39.5 36 - - ~ - - - - 
9874 38.5 253 36.5 39.5 38.5 385 32 38 250 40 40 38 34.5 29 
Avg. 45.5 242 45 45 44 44 38 46.5 243 47.5 45.5 445 40.5 30.5 


sasic HeEaATS—FuLty Oxipizep, BLockep, AND REDUCING SLAG 


436 660.5 229 585 605 55 51 54 58 233 62 595 565 55 50 
9873 425 250 47 465 45 41 405 475 253 48 47 44.5 435 37 
9875 41 249 385 32 42 345 382 43.5 243 385 31 335 265 165 
_ 9876 45 246 445 44.5 485 43 44 48.5 253 485 475 47 46 465 
877B 50 248 54.5 50.5 51.5 48.5 40 47.5 239 51 47 455 465 41 
2 Avg, 48 244 48.5 47 47 485 42 49 244 495 465 45.5 43.5 38 


Basic HeaT—Futty Oxipizep AND Not BLockep 
437 650 240 49 50.5 50 48.5 47 47.5 241 50 47.5 445 37 30 


— 


Basic HEAT—PARTIALLY OXIDIZED, BLOCKED, AND RepucING SLAG 
438 55 245 59 50.5 51 40 $5.5 45.5 241 425 415 425 405 35.5 


\cip Heats—FuLty OxipizeEp AND BLOCKED 





and 431 45 288 46 44.5 445 42 34 39.5 234 44 45 40.5 41.5 34 $15 238 305 305 28 28 27.5 
9980 37 241 355 365 345 34 33 36 241 345 36 33 $2 29 
] 981 (37 235 31.5 30 28.5 29.5 275 $1.5 238 285 27 28.5 28 26.5 
i 9982 45 240 39.5 40 41 $55 35 45 251 40 39 36.5 345 285 
983 42.5 241 35.5 35.5 36 $5.5 27.5 36 240 345 31.5 32 $1.5 27.5 
40 Avg, 415 289 37.5 37.5 37 $5.5 31.5 36 241 365 35.5 34 33.5 29 
(cto Heat—Fu.iy Oxipizep, BLOCKED, AND SI REDUCED 
7] 9434 648 241 46 46 44 42.5 40.5 40.5 245 405 40 41 38.5 39 33 241 35 35 $15 32 29 
) 


\clp Heat—Futty Oxipizep anp Not BLOCKED 
3432 «648.5 239 48 475 455 475 39 35.5 242 335 33 $1 30 28 


Acip HeaAT—PARTIALLY OXIDIZED AND BLOCKED 
433 40 «6240 385 39.5 405 38 36.5 $8.5 245 42 36 39 $2 29 


ee 






























126 PROPERTIES OF MEDIUM-CARBON LOw-ALLoy Cas) § ( 
Tas_e 3.—Oxipe AND SULPHIDE CLEANLINESS RATINGS AND TYPE OF FRACTURE OF THE CAsT STEELS 
Grouped According to Melting Practice 
a 
Type of* 
2 ; Fracture G 
Heat Deoxidation, Background Sulphides (Aver. of 
No Lb. per Ton Oxides Type Amount 2 Breaks) 
BAsIC—FULLY OXIDIZED AND BLOCKED 
9435 34 lb. Al Dirty Ill Fairly clean F 
9435 21% Ib. Al Slightly dirty Ill Clean F ( 
9869 Ditto Ditto lil Fairly clean Trace of IG 
9870 Ditto Ditto Ill Ditto F 0) 
9871 Ditto Ditto III Clean F 
9872 Ditto Ditto 2 Ill Fairly clean F 
9874 Ditto Dirty 2 Ill Ditto Trace of IG 
9435 2144 Ib.Al4 Slightly dirty 1 Ill Fairly clean F 
9869 3 lb. FeTi Ditto Ill Ditto Trace of IG 
9870 Ditto Dirty 2 Ill Ditto Trace of IG 
9871 Ditto Slightly dirty III Clean F 
9874 Ditto Dirty 3 III Fairly clean rrace of IG 
Actip—FuLLy Oxipizep AND BLOCKED 
9431 34 Ib. Al Slightly dirty 2 II Slightly dirty F ( 
9431 21% Ib. Al Ditto Ill Fairly clean Trace of IG 
9980 Ditto Fairly clean Ill, Il Slightly dirty F,D Ly} 
9981 Ditto Dirty 11, 111 Dirty F,D xis 
9982 Ditto Fairly clean 2 III Slightly dirty F,D 
9983 Ditto Dirty 2 Il Dirty F,D 
9431 214 Ib.Al+- Fairly clean Ill Fairly clean Trace of IG I 
9980 3 lb. FeTi Ditto ITI, Il Slightly dirty F,D 
9981 Ditto Dirty II, III Dirty F,D I 
9982 Ditto Fairly clean 2 Ill Ditto F,D ? 
9983 Ditto Ditto 1 II! Ditto F,D si 
oral 
BASIC—FULLY OxipIzEp, BLOCKED, REDUCING SLAG The 
9436 21% Ib. Al Fairly clean Ill Very clean Trace of IG 8 rat 
9873 Ditto Slightly dirty 1 Ill Ditto 10% 1G . S fou 
9875 Ditto Clean Ill Ditto 40% 1G 99 2 
9876 Ditto Slightly dirty 1 Ill Ditto Trace of IG 3 igi 
9877B Ditto Ditto Ill Ditto F Tract nit 
9436 2144 |b.Al+ Slightly dirty Ill Very clean F { irs 
9873 3 Ib. FeTi Ditto 1 Ill Ditto lrace of IG i H 
9875 Ditto Very clean 3 Ill Ditto 30%, IG 14 
9876 Ditto Slightly dirty 2 II] Ditto Trace of IG Trac - all 
9877B Ditto Fairly clean Ill Ditto 90% F, 10% 3TOU 
Facets ind 
Acip—FuLty Oxipizep, BLocKep, Si REDUCED a 
9434 34 Ib. Al. Fairly clean 2 Il Dirty F ‘ ne | 
9434 21% |b. Al Ditto 1 Ill Slightly dirty F Y nve 
9434 Ditto +3 Ib. Ditto 8, 2 Ill Ditto Trace of IG { eat 
FeTi 
ind 
sASIC—FULLY Oxipizep, Not BLOCKED Chai 
9437 21% |b.Al Fairly clean il Slightly dirty F y nte! 
9437 Ditto + 3 Ib. Ditto ll Ditto F 0 ur f 
FeTi 
In 
Acip—FuLty Oxipizeo, Not BLockep n tl 
9432 21% Ib. Al Fairly clean 1 Ill Fairly clean F,D { men: 
9432 Ditto + 3 Ib. Ditto 8 I Slightly dirty Trace of IG | | 
FeTi eat: 
uch 
BASIC—PARTIALLY OXIDIZED, BLOCKED, REDUCING SLAG sider 
9438 21% |b. Al Slightly dirty Ill Very clean 10% 1G 6 steel 
9438 Ditto + 3 Ib. Dirty Il Ditto 50% 1G 8 
FeTi ible 
ior { 
AcID—PARTIALLY OXIDIZED AND BLOCKED 
9433 21% Ib. Al Dirty 8 Il Fairly clean Prace of 1G : pi 
9433 Ditto + $ Ib. Fairly clean 8 Ill Ditto 5% 1G ) reco 
FeTi pick 
1. Few small Al,O, clusters * Key to Type of Fracture in 
2. Many small Al,O, clusters Nick-Bend Test: 
8. Few large Al,O, clusters F Fibrous Al 
IG Intergranular trom 
D_ Dendritic temp 
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Non-Metallic Inclusions 


pe II sulphide inclusions were observed in the 
— els. Sulphide inclusions of Type II appeared 
quently in the higher sulphur-acid furnace 
spite the fact they were deoxidized with the 
iantity of aluminum as were the basic furnace 
[he occurrence of Type II sulphide inclusions 
s to account for the generally lower notched-bar 
values of the acid steels as compared to the basi¢ 
: steels. The lower sulphur-acid steels have the 
Charpy values of the acid series when de- 
with 21% lb. Al/ton, but when deoxidized 
. lb. Al/ton Type II sulphides occurred and sig- 
itly lower notched-bar impact values were ob- 
See Heats 9431 and 9434 in Table 2). 
iddition of ferrotitanium with the aluminum 
ed not to lessen the number of Type II sulphide 
ms. In the titanium split of Heat No. 9432 eu- 
sulphides were observed and lower impact values 
( \btained than for the aluminum split which had 
[Il sulphide. In general, very little difference 
sisted between aluminum-treated and the aluminum 


errotitanium-treated steels. 


Rating of Fractures 


Fractures obtained in Charpy tests and nick-bend 
icture bars were rated as to the percentage of inter- 
eranular areas appearing on the fractured surfaces. 
[hese values are also given in Table 3. This type of 
racture has been observed in previous studies,? and 
ind to be prevalent in steels containing relatively 
nitrogen and aluminum in which an aluminum 
itride precipitate may form at the boundaries of 
ge primary grain. 
Heat No. 9875 in the “‘basic reduced”’ series, Table 
2 and Fig. 2, deviates considerably from the rest in its 
zroup. Data in Table 3 show that both the aluminum 
nd aluminum plus titanium splits of this heat have 
he highest percentages of intergranular fracture in 
he Charpy test bars and fracture bars of all the steels 
nvestigated. The split of the partially oxidized basic 
leat, No. 9438, which was treated with both aluminum 
ind titanium, is another example of relatively low 
Charpy values attributable to a large percentage of 
0 ntergranular fracture. The occurrence of intergranu- 
uw fracture tends to produce erratic Charpy values. 
Intergranular areas revealed in the fracture test and 
the fracture of Charpy notched-bar impact speci- 
mens were far more common for the basic furnace 
eats, especially those that were finished under a re- 
‘ucing slag, than for the acid furnace heats. If it is con- 
sidered that the aluminum in higher sulphur-acid 
els was tied up as complex sulphides, then it is prob- 
ble that a greater excess of aluminum was available 
‘or forming the aluminum nitride precipitate in the 
asic steels. A reducing slag tends to permit higher 
recoveries of aluminum and, also, higher nitrogen 
pickt p. 


Room-Temperature Izod Tests 
All the Izod test-bar data in Table 2 were obtained 
‘rom steels which had been water quenched from the 
‘empering temperature. The conclusions which may 








“0” 


-~/ 


be drawn from the room-temperature Charpy test-bar 
data apply to the Izod test-bar data. 

Hardenability curves of the cast specimens were 
plotted in Fig. 3 to 9, inclusive. All steels were of suf- 
ficient hardenability to insure full hardening on 
quenching the notched-bar and fracture specimens 
used in the investigation. A critical study of these 
curves shows that many of the differences in the depth 
of hardening may be attributed to chemical factors. 
For example, it seems likely that the greater harden- 
ability of Heat No. 9876 over Heat No. 9875 can be at- 
tributed to slightly higher contents of carbon, man 
ganese, and molybdenum. 

On the other hand, it is obvious that all differences 
in hardenability are not directly indicated by the chem- 
istry or grain-size determinations and that some other 
factors are influencing hardenability. It may further 
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Fig. 9—End-quench hardenability curves for acid cast 
steel partially oxidized and blocked. Deoxidized with 
aluminum or aluminum plus ferrotitanium. 


be seen that these undetermined factors are not inti- 
mately dependent on the melting practice employed. 
These conclusions are best illustrated by citing several] 


example S. 


Hardenability 

Inspection of the hardenability curves from six heats 
which are nearly alike in chemical composition show 
that not all are of the same hardenability. Heats for 
comparison are as follows: 9983, 9873, 9877B, 9436, 
9435, and 9869. Three melting practices are repre- 
sented and all but Heats 9873 and 9435 show compar- 
able hardenability in the end-quenched test. ‘The latter 
two steels show somewhat greater depths of hardening 
than the others, indicating the probability that there 
are other factors besides composition and grain size 
affecting the hardenability. 

A further indication that other factors are involved 
in the hardenability of steel is obtained by comparing 
Heats 9873 and 9876. By reason of its higher man- 
ganese and molybdenum contents, Heat No. 9876 
would be expected to have the greater depth of hard- 
ening; actually, it has a lower hardenability than Heat 
No. 9873. Both heats were prepared by the same melt- 
ing and deoxidation practice. 








Summary 

The effects of melting practice on notch-bar prop- 
erties, hardenability, and cleanliness of electric-fur- 
nace cast steels melted in a 400-lb. capacity direct-arc 
furnace were investigated. Eight widely different melt- 
ing practices were employed initially in preparing steels 
of the same general composition. A more comprehen- 
sive study was later made on the following three meth- 
ods of melting: 

1. Basic furnace practice with the heat fully oxi- 
dized, then blocked after the first slag was removed, and 
finished under a reducing slag, 

2. Basic furnace practice with the heat fully oxidized 
and blocked, and 

3. Acid furnace practice with the heat fully oxidized 
and blocked. 


The influence of melting and deoxidizing practice 
on notched-bar properties was manifested in the type 
and distribution of nonmetallic inclusions. The some- 
what higher sulphur contents of the series of acid steels 
prepared by fully oxidizing and blocking as compared 
with the two series of basic steels seemed to account 
for the generally lower notched-bar properties of the 
acid steels. 

The notched-bar properties of steels with some of 
the sulphides existing as Type II, and of steels with a 
high percentage of coarse intergranular areas, were 
lower than those for steels containing neither Type II 
sulphides nor the coarse intergranular areas. In the 
investigation, Type II sulphides occurred more fre- 
quently in the acid steels, while intergranular areas 
were more prevalent in the basic steels, especially those 
which were finished under a reducing slag. 

As a rule, the hardenability of steels made with the 
same melting practice and with identical melting stock 
could be attributed to chemical factors. There were 
a few exceptions, however, where steels with chemical 
compositions that were nearly alike differed somewhat 
in hardenability. Variations of this nature were not 
restricted to one type of melting practice, but prevailed 
in all types where repeated heats were made. 

The results of the investigation seem to bear out the 
indications that melting practice has but little effect 
on the notched-bar properties and the hardenability, 
provided the metal is sound, and the quantity, size, 
and distribution of the inclusions, the composition ot 
the steel and its microstructure are substantially the 
same. 
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APPENDIX 


The following section contains heat logs for a rep. 
resentative heat of each melting practice covered in 
the investigation. 

A list of the metallic agents used to make the hear: 
is given below: 

In the Charge 

1. Low-carbon steel scrap. 

2. Low-carbon, high-sulphur (0.11 per cent) steel punchings 

8. Silvery pig—2 per cent C, 10 per cent Si, 1.25 per cent Mr 
and 0.090 per cent P. 

4. Chateaugay pig—4.50 per cent C, 0.79 per cent Si, 0.20 pe 
cent Mn, and 0.03 per cent P. 

5. High-carbon 80 per cent ferromanganese. 


Block 
1. Chateaugay pig. 


Alloy Additions 
High-carbon 80 per cent ferromanganese. 
Low-carbon 80 per cent ferromanganese. 
75 per cent ferrosilicon. 
Low-carbon 60 per cent ferromolybdenum. 
Washed metal, 3.77 per cent C. 


Gt oe to 


Ladle Deoxidizers 
Aluminum wire. 
High-carbon 17 per cent ferrotitanium. 


i) 


Log of Heat No. 9870 
Practice: Basic, Fully Oxidized and Blocked. 


General Description: Bottom was covered with stee! 
on which pig, FeMn, and limestone were charged and 
then covered with the remaining steel. Limestone and 
fluorspar covered the charge. Ore was added under 


the electrodes after a molten pool was formed. 


The bath was boiled down to 0.10 per cent C, enough 


slag was removed to avoid trapping of alloy additions 


and the heat was then blocked. Carbon, manganese, 
and silicon were adjusted at the block and the heat 


was held five min. before tapping. 
The heat was deoxidized in the ladle. Aluminun 
was added when the ladle was about one-quarter full 


Material Wt., Lb. Time Remarks 
Low-Carbon, high sulphur Calculated analysis 
steel scrap $2.0 of charge: 
Low-carbon 0.45 C, 0.50 Mn, 
steel scrap 288.0 0.25 Si, 0.035 S 
Silvery pig 6.76 
Chateaugay pig 23.15 
High-carbon FeMn 1.24 
Limestone 6.50 
Burnt lime 9.0 
Fluorspar 3.0 


11:35 Charged and power on 
Ore 1.0 12:08 Under electrodes 
12:05 Low voltage 
12:11 Melted 
12:15 No. 1 Prelimina: 
0.31 C 
12:34 Stirred 








FeMo 


in He 
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12:37 No. 2 Preliminary, 
0.27 C, 0.35 Mn 

2:59 No. 3 Preliminary, 
0.23 C, 0.31 Mn 

1:20 Stirred 

1:23 No. 4 Preliminary, 
0.16 C, 0.29 Mn 

1.32 Stirred 

1:40 No. 5 Preliminary, 
0.10C 


1:551% Slag olf 
iV pig 6.5 1:56 Blocked 
2.0 1:56 
; 1.93 ; 
on FeMn 7.12 1:57 


2:02 Tapped, 3000 F 
Aluminum added to the 
ladle 
2:04 Start of pour, 2880 F 
2 keel blocks, I ingot 
FeTi stirred in the ladle 
2 keel blocks, | ingot 
2:07 End of pour, 2760 F 
| Analysis: 0.32 C, 1.84 Mn, 0.46 Si, 0.022 S, 0.018 P, 0.28 Mo, 
and 0.0110 N 


m (214 lb./ton) 0.437 


I (3 lb./ton) 0.262 2:05 


Log of Heat No. 9437 
tice: Basic, Fully Oxidized and Not Blocked. 
General Description: The same procedure as that 
n Heat No. 9870 was followed until the carbon has 
boiled down to 0.10 per cent, then tapped, al- 
and deoxidized in the ladle. 


Material Wt., Lb. Time Remarks 
bon steel scrap 320.0 
5 pig 7.0 
gay pig 22.95 
H irbon FeMn 1.29 
I stone 6.50 
I | 3.0 
iuimme 90) 
12:01 Charged and power on 
re 1.0 12:30 
12:32 Low voltage 
12:47. Good boil 
1:00 No. 1 Preliminary, 
0.32 C, 0.37 Mn 
1:12 No. 2 Preliminary, 
0.31 C, 0.29 Mn 
1:35 No. 3 Preliminary, 
0.19 C, 0.31 Mn 
FeMo 2.04 1:35 
1:40 Bath stirred 
1:45 Bath stirred 
1:47. No. 4 Preliminary, 
0.16 C, 0.29 Mn 
1:50 Bath stirred 
1:52 Taped, 3250 F 
FeSi 2.50 Added to the ladle 
High-carbon FeMn 75 Ditto 
Aluminum (214 Ib/ton) 0.437 Ditto 


1:54 Start of puus 
2 keel blocks, 1 ingot 
FeT (3 lb/ton) 0.262 1:55 FeTi stirred in the ladle 
2 keel blocks, | ingot 
-57 End of pour 
Final Analysis: 0.27 C, 1.72 Mn, 0.55 Si, 0.033 S, 0.012 P, 0.39 Mo 
and 0.0110 N 


Log of Heat No. 9873 
Practice: Basic, Fully Oxidized, Blocked, and Fin- 
shed Under a Reducing Slag. 
General Description: The same procedure as that 
n Heat No. 9870 was followed until the carbon has 
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been boiled down to 0.10 per cent. At this time, the 
slag was removed and the heat blocked with pig tol- 
lowed by FeMn. A new slag was then built up and 
reduced with powdered coal. 

When the slag was carbidic, manganese, molyb- 
denum, carbon, and silicon were adjusted to final 
analysis and the heat held for five min. belore tapping. 

The heat was deoxidized in the ladle as in Heat No 
9870. 


Material Wt., Lb. Time 


Low-carbon, high-sulphur 


Remarks 


steel punchings $2.0 
Low-carbon steel scrap 288.0 
Silvery pig 6.85 
Chateaugay pig 23.5 
High-carbon FeMn 1.24 


1:47. Charged and power on 
Ore 1.0 2:25 
2:26 Low voltage 
2:29 Melted 
2:31 No. 1 Preliminary, 
0.30 C, 0.47 Mn 
3:07 No. 2 Preliminary, 
0.19 C 
20 Bath stirred 
29 No. 3 Preliminary, 
0.09 C 
3:30 Slag olf 


wo we 


Chateaugay pig 3.10 8:31 Blocked 
High-carbon FeMn 5.48 3:3 Blocked 
Limestone 6.50 3:32 Slag on 
Burnt Lime 9.00 3:32 Slag on 
Fluorspat 3.00 3:32 Slag on 
3:35 Started reducing the slag 


by periodic additions 
of powdered coal, 
burnt lime, and fluor- 
spar 
3:46 No. 4 Preliminary, 
0.12 C, 0.51 Mn 
Chateaugay pig 5.60 3:56 Blocked 
1:03 No. 5 Preliminary, 
0.15 C,042 Mn 
15 Slag carbidic, brown 


1.19 No. 6 Preliminary, 
0.20 C 
FeSi 2.0 4:42 
FeMo 1.98 
Aluminum (214 lb/ton) 0.437 147 Tapped, Al added to the 
ladle 


4:48 Start of pour 
2 keel blocks, | ingot 
FeTi (3 Ib/ton) 0.262 4:49 FeTi stirred in the ladle 
2 keel blocks, 1 ingot 
150 End of pour 


Final Analysis: 0.32 C, 1.62 Mn, 0.33 Si, 0.011 S, 0.021 P, O.32 Mo, 
and 0.0115 N 


Log of Heat No. 9438 


Practice: Basic, Partially Oxidized, Blocked, and 
Finished with a Reducing Slag. 

General Description: Bottom was covered with 
steel on which pig and FeMn were charged, then cov- 
ered with the remaining steel. The slag-forming in- 
gredients, burnt lime, alumina, and fluorspar covered 
the charge. No ore or limestone were used in the heat. 

When the bath was completely molten, the slag was 
removed and the heat blocked and finished in the sate 
manner as Heat No. 9873. 
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Wt., Lb. Time Remarks 
Calculated analysis of 


Material 


Low-carbon steel 


scrap $31.0 charge 
Silvery pig 8.0 0.25 C. 0.50 Mn, 0.25 
Chateaugay pig 11.75 Si, 0.009 P, 0.025 § 
High-carbon FeMn 1.29 
50-50 Lime-Alumina 6.75 
Fluorspar 4.00 
surnt lime 6.00 


9:40 Charged and power on 
10:30 Low voltage 
10:51 No. 1 Preliminary, 
0.26 C.0.44 Mn, 
Bath dead 
10:52 Slag off 
3.37 10:53 


Chateaugays 


Low-carbon FeMn 80 10:53 
Burnt lime 12.0 10:55 
Fluorspar 4.0 10:55 


11:07 Slag molten, began re 
ducing 

11:12 Brown, slightly carbidic 
slag 

11:17. No. 2 Preliminary, 
0.37 C, 1.16 Mn 

11:25 Strong, carbidic slag 

11:35 Carbidic slag 

11:39 No. 3 Preliminary, 
0.33 C, 1.16 Mn 


FeSi 2.08 11:44 Bath stirred 
FeMo 2.04 11:44 Ditto 
FeMn 3.40 11:44 Ditto 


Aluminum (214 Ilb/ton) 0.437 11:48 Tapped, 3100 F, Al 
added to the ladle 
11:50 Start of pour 
2 keeps blocks, | ingot 
FeTi (3 Ib/ton) 0.262 11:51 FeTi stirred in the ladle 
2 keel blocks, 1 ingot 
11:53 End of pour 
0.32 C, 1.77 Mn, 0.45 Si, 0.009 S, 0.011 P, 0.32 Mo, 
and 0.0210 N 


Final analysis: 


Log of Heat No. 9980 


Practice: Acid, Fully Oxidized and Blocked. 

General Description: Bottom was cov ered with steel 
on which pig and FeMn were charged, then covered 
with the remaining steel. 

Silica sand was used to maintain a slag covering on 
the melt. The amount and time of the sand addition 
varied somewliat from heat to heat, depending on the 
amount of slag obtained from the bottom. 

The heat was boiled down to 0.10 per cent carbon 
and finished in the same way as the corresponding 
basic heat (Heat No. 9870). 


Material Wt., Lb. Time Remarks 
Low-carbon, high-sulphur 
steel punchings $2.0 
Low-carbon, steel 
scrap 281.0 
Silvery pig 6.5 
Chateaugay pig $0.8 
High-carbon FeMn 1.24 
10:07 Charged and power on 
10:41 Melted 
Ore 5.0 10:46 
Sand 3.0 10:46 
Ore 5.0 10:47 
11:04 No. 1 Preliminary, 
0.39 C, 0.05 Mn, 
black slag 
Ore 2.0 11:07 


11:30 No. 2 Preliminary, 
0.24 C, 0.04 Mn, 
light-brown slag 
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Ore 1.0 11:56 
12:04 No. 3 Preliminar 
0.11 C, 0.04 My 


Chateaugay pig 2.84 12.3014 Blocked 
FeMo 2.04 12:3014 
Low-high carbon, 

FeMn 11.20 12.32 


Aluminum (214 lb/ton) 0.437 12:3514 Tapped, 3150 } 
added to the 
12.37 Start of pour, 3 
2 keel blocks, 1 
FeTi (3 Ib/ton) 0.262 12:38  FeTi stirred int} 
2 keel blocks. |! 
12:40 End of pour, 2930 | 
Final Analysis: 0.34 C, 1.61 Mn, 0.20 Si, 0.032 S, 0.028 P, ( M 
and 0.0120 N 


Log of Heat No. 9432 


Practice: Acid, Fully Oxidized, and Not Bloc 
General Description: The same procedure as 
on Heat No. 9980 was followed until the carbo: 
boiled down to 0.10 per cent, then tapped, all 
and deoxidized in the ladle as for the corresponding 
basic heat (Heat No. 9437) . 


Material Wt., Lb. Time Remarks 
Low-carbon steel 
scrap 313.0 
Silvery pig 6.10 
Chateaugay pig 31.0 
High-carbon FeMn 1.29 
Ore 17.0 
Limestone 1.0 
11:49 Charged and power o1 
Sand 1.86 Added during melt 
down 
12:52 Low voltage 
12:58 No. 1 Preliminary, 
0.35 C, 0.32 Mn, 
thick, black slag 
Ore 10.0 12:59 
Ore 2.0 1:05 
Ore 2.0 1:09 
1:13 No. 2 Preliminary 
0.30 C, 
slag O.K., metal col 
Ore c 2.0 1:14 
Limestone 1.0 1:17 
1:24 No. 3 Preliminary, 
0.13 C, 0.05 Mn, 
black, glossy slag 
FeMo 2.04 1:26 
Ore 1.0 1:27 
1:29 Bath stirred 
1:37. No. 4 Preliminary, 
0.10 C, 0.06 Mn, 
slag O.K. 
1:39 Tapped, 3130 F 
FeSi 1.37 Added to the ladle 
High-carbon FeMn 8.09 Ditto 
Carbon 0.18 Ditto 
Aluminum (214 Ib/ton) 0.437 Ditto 
1:40 Start of pour, 3020 | 
2 keel blocks, 1 ir 
FeTi (3 Ib/ton) 0.262 1:41 FeTi stirred in the ladle 


2 keel blocks, | ingot 
1:43 Finish of pour, 288 F 
Final Analysis: 0.27 C, 1.62 Mn, 0.33 Si, 0.023 S, 0.012 P, 0.37 Mo 
and 0.0125 N 


Log of Heat No. 9434 
Practice: Acid, Fully Oxidized, Blocked, and Silicon 
Reduced from the Slag. 
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11 Description: The same procedure was used 
at No. 9980 until the carbon was boiled down 
per cent. The heat was blocked with pig and 
bon FeMn to reduce silicon from the slag. The 
ture was raised to aid the silicon reduction 
heat held until sufficient silicon was reduced, 
ped. Carbon and manganese were adjusted in 
prior to deoxidation. 


ial Wt., Lb. Time Remarks 
» steel 
$14.0 
r 6.37 
( iy pig 29.75 
H mn FeMn 2.18 


1:07 Charged and power o1 
C 8.0 1:40 
1:45 Low voltage 
2:04 No. 1 Preliminary, 
0.24 Si 
0 5.0 2:05 
2:15 No. 2 Preliminary, 
0.27 C, 0.09 Mn, 
0.03 Si. Good boil 


1.0 2:16 
1.0 2:22 
2:24 No. 3 Preliminary, 
0.14 C, 0.08 Mn, 
0.02 Si. Moderate boil 
0 1.0 2:30 


2:3314 No. 4 Preliminary, 
0.10 C, 0.10 Mn, 


0.02 Si 
( ugay pig 9 41 2 34 Blocked 
} rbon FeMn 4.00 2:35 
FeM 2.04 2:35 
2:37. No. 5 Preliminary, 
0.20 C, 0.60 Mn, 
0.10 Si 


2:42 No. 6 Preliminary, 
0.22 C, 0.57 Mn, 
0.13 Si 
Sand 2.0 2:42 
Sand 5.0 2:45 
2:46 Slight boil, thick slag 
2:53 No. 7 Preliminary, 
0.42 Mn 


Ditto 
High-carbon FeMn 5.2 Ditto 
carbon FeMn 0.42 2:55 Tapped, 3220 F 
Aluminum (34 Ib/ton) 0.127 Added to the ladle 


°57 Start of pour, 3090 F 
1 keel block, 1 ingot 
Aluminum (134 lb/ton) 0.200 2:58 Al stirred in the ladle 
1 keel block, | ingot 
FeTi (3 Ib/ton) 0.173 2:59  FeTi stirred in the ladle 
1 keel block, 1 ingot 
3:00 End of pour, 2900 F 
Final Analysis: 0.35 C, 1.52 Mn, 0.36 Si, 0.024 S, 0.016 P, 0.41 Mo 
and 0.0090 N 


Log of Heat No. 9433 

Practice: Acid, Partially Oxidized and Blocked. 

General Description: The charge was made up as 
in Heat No. 9980. Burnt lime was used to replace iron 
xide in the slag. After the melt-down, the heat was 
immediately brought up to tapping temperature and 
blocked. The heat was finished in the same way as 
Heat No. 9980. 


Material Wt, Lb. Time Remarks 
Low-carbon steel 
SCTap $31.0 


silvery pig 7.9 
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Chateaugay pig 7.29 
High-carbon FeMn 1.29 
2:28 Charged and power on 
Burnt lime 3.75 2:31 
2:53 to 
Crushed burnt lime 2.50 8:02 Small amounts added pe 
rvodically 
3:05 Low voltage 
$08 No. 1 Preliminary, 
0.23 C, 0.39 Mun, 
black, glossy, foaming 
shay 
17) No. 2 Preliminary, 
0.20 C, 0.32 Mu 
green, glossy slag 
No boil 
Crushed burnt lime 1.24 3:18 
3:30 No. 3 Preliminary, 
O21C 
Chateaugay pig 2.92 3:33 
Washed metal 10.15 3:33 
FeSi 1.37 3:35 
FeMo 2.04 3:35 
Low-carbon FeMn 8.30 3:36 
Aluminum (214 lb/ton) 0.437 3:38 Tapped, 3030 F. Al 


added to the ladle 
3:40 Start of pour, 2880 F, 
2 keel blocks, | ingot 
FeTi (3 Ib/ton) 0.262 8:41 FeTi stirred in the ladle 
2 keel blocks, | ingot 
3:43 End of pour, 2780 F 
Final analysis: 0.35 C, 1.62 Mn, 0.40 Si, 0.027 S, 0.013 P, 0.31 Mo 
and 0.0180 N 


DISCUSSION 


Chairman: C. W. Briccs, Steel Founders’ Society of America, 
Cleveland. 

Co-Chairman: L. H. Haun, Sivyer Steel Castings Co., Chicago 

CHAIRMAN Briccs: If the hardenability obtained cannot be ac 
counted for by the chemical analysis, and if the steel does not 
harden sufficiently and all the factors we normally look for are 
reasonably present, then what do you do? 

Mr. Kura: In most cases, hardenability calculated from the 
composition does not match the observed hardenability very 
closely. The end-quench test is a simple one, and if the exact 
hardenability is desired, the end-quench test should be made 
If any doubt exists when comparing the calculated harden- 
ability with the observed hardenability, a second end-quench 
test should be made to confirm the results of the first one 

Co-CHAIRMAN HAHN: I am wondering if some of the dis 
crepancies that result are due to incomplete aluminum recovery. 
What we are concerned with is the efficiency of aluminum 
recovery. 

Mr. Kura: The cause of intergranular areas in some of our 
Charpy bars is explained in detail by Dr. Lorig and Mr. Elsea 
in a paper entitled “Occurrence of Intergranular Fracture in 
Cast Steels.” See p. 160. 

We could not detect any effect of aluminum nitride inclusion 
on hardenability. Repeated heats for a given basic furnace 
melting practice, and a comparison between basic furnace melt- 
ing practices, did not show a definite trend with respect to 
hardenability. 

Co-CHAIRMAN Haun: What about the acid steels? 

Mr. Kura: For a given charge and melting practice, acid 
furnace steels usually result in higher sulphur content than 
basic furnace steels; We have information in the paper that 
leads us to believe that acid furnace steels, deoxidized with 
insufficient aluminum or aluminum plus titanium, are apt to 
contain more of the detrimental Type II sulphide inclusions 
because of this higher sulphur content. If an acid furnace heat 
can be made with residual element and sulphur content com- 
parable to a basic furnace heat, there is no reason to believe 
that the acid steel would not possess properties similar to a 
basic steel. 

An indication of the effect sulphur content exerts on Charpy 
bar values is evident in Fig. 2. Regardless of the melting prac- 
tice, the preliminary heats, which were made with a low sulphur 
charge, ranked highest in Charpy bar value. 
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Fig. 10—Photomicrographs illustrating cleanliness rat 

ing of steels with respect to inclusions: A, dirty with 

respect to oxides; B, dirty with respect to sulphides; 

C, clean with respect to both oxides and sulphides. 
Unetched. x100. 


As in the basic steels, hardenability of the acid steels did not 
show any trend attributable directly to the melting practice 
employed 

G. A. Littreevist:1 I want to congratulate Mr. Kura for the 
excellent paper. I would like to ask in regard to hardenability 
whether you analyzed for chromium and nickel? You may have 
20 points of chromium and 15 points of nickel and that could 
make a difference. You have given us no reason why you have 
this difference in this hardenability. Could it be due to these 
different elements? Also, nitrogen could add to hardenability. 

Mr. Kura: Which way would you say nitrogen would affect 
hardenability? 

Mr. Littizevist: It would impart higher hardenability. 

Mr. Kura: Heat 9434 had a nitrogen content of 0.0090 per 
cent while heat 9433 had 0.0180 per cent nitrogen. The chemi- 
cal analysis of both heats is otherwise very similar. However, 
the hardenability curves for these two heats, deoxidized with 
214 Ib. of aluminum per ton, are practically identical as shown 
in Fig. 7 and 9. If nitrogen were at all potent in enhancing 
hardenability, it should have been evident in this comparison 
Digges and Reinhart* state that nitrogen has no effect on 
hardenability of boron-free steels. The heats reported in this 
paper were all boron-free 

Mr. Littieevist: Did you analyze for chromium and _ nickel? 

Mr. Kura: Analysis for chromium and nickel was not made 
because the residual amount of these elements in the charge 
was of the order of 0.04 per cent chromium and 0.02 per cent 
nickel 

CHAIRMAN Briccs: In Table 3 it may be observed that under 
the type of sulphides and the amount, there are statements that 
the steels are dirty, slightly dirty, and so on, and then in the 
text material it is explained that even the steels rated as dirty 
in Table 3 would generally be classed as clean in commercial 
practice. Such statements appearing in the text are often over 
looked when studying or reproducing tables and I would like 
to see some numbering system of relative cleanliness applied in 
the paper as appearing in the TRANSACTIONS instead of the state- 
ment that a steel is listed as dirty when commercially speaking 
it is not a dirty steel 

Mr. Kura: Since the steels rated as dirty in Table 3 were 
quite clean compared to commercial steels, an arbitrary rating 


1 American Steel Foundries, Indiana Harbor Works, East Chicago, Ind 

* T. G. Digges and F. M. Reinhart, “Influence of Nitrogen on Some 
Properties of Experimental Steels Without and With Boron,” 
No. 3378 (M-23), March 15, 1944. 
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had to be established to indicate the differences found in these 
experimental steels. Perhaps the photomicrographs, Fig 
will establish the cleanliness rating in Table 3 more 

than the suggested numbering system. 

F. A. Metmotu:2 Can you formulate definite conclusions 
to what would happen in normal practice by making very sn 
heats, and then even splitting those down further? I am 1 P 
sure that you are even going to get regularity in repeats 
the author did indeed point out variations on repeats. 1 
variations might not be of a large order, but you are looking 
for influence of practice and I am not sure that you can g 
a true picture of influence of variable practice or varia 
method of production when you deal with such small qu 
ties and then still further fractionate them to arrive at a new 
set of figures. I would like to know whether Mr. Kura lx 
that producing data in that fashion would leave it abl 
translated into expected behavior in larger heats of the 
mercial type. 

Mr. Kura: The conclusions we arrived at were based on | 
small experimental heats only. In the paper a statem« 
made to the effect that we realized the difficulties of trans 
such information over to production heats. Obviously, it 
have been economically prohibitive to carry out such an exp 
mental program, as reported in this paper, with large con 
cial furnace heats. Therefore, small experimental he 
made with the added assurance that the many variables en 
tered could be controlled to our satisfaction. 

C. O. Burcess:?7 The authors have concluded that the not 
impact properties appear to be principally influenced by 
sulphur content, i.e., they decrease as sulphur content incr 
and the properties are relatively independent of melting prac! 
except as it influences the amount of this element. Their 
practice naturally gave the greatest opportunity for effect 
sulphur elimination. It should be pointed out that the con 
sions of the present authors are confirmed by data in a paper 
“Influence of Melting Conditions on the Physical Properties 
Steel Castings” by H. T. Protheroe, Journal of the I 
Steel Institute (British), vol. CL, No. 2, p 157P (1914). He 
vestigated some 28 steels made by the acid electric, basic « 
and Tropenas Converter processes and deoxidized with « 

6 oz. aluminum, 24 oz. aluminum, or 8 oz. of calcium-mang 
nese-silicon per ton. If an analysis of his data is m 
appears that the only variable definitely affecting Izod 
properties is sulphur content. At a 0.01 per cent sulphur | 
the average impact value of his steels was 60 ft.-Ib. and at 0.0 
per cent sulphur the average impact dropped to 20 ft.-Ib. If! 


mn 


sulphur was held to 0.025 per cent maximum, no impa¢ § 
of under 35 ft.-lb. were found. 
J]. B. Catne:3 There is considerable discussion about the ett 
4 os 


of sulphur on the Izod values. It is assumed that if \ 


2 Glen Lake, Cedar, Mich. _ ; 
3 Sawbrook Steel Castings Co., Cincinnati. 
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lb. we have a wonderful steel, but if we have 20 
we have supposedly a poo! steel. We have no proot 
s true We do know that if the Izod values decrease 
ft.-lb. or less an we get a coarse crystalline fracture 


ility of that steel is questionable, for this has been 


the correlation between test results and actual use 


I know, no one has ever proven that a steel with 60 
etter steel than one with 20 or 2) ft.-l Can any 
e the difference between 60 ft.-lb. and 25 ft.-lb. in 
serviceability of the part: 
Sims:# There are some who think that Izod or Charpy 
1 be classified merely as low, medium, or high, and 
tual figures mean very little. Slowly we are gather 
on to show that notch-bar impact values give a 


hness and that high values improve the service 


Howevel! as far as this paper Is concerned I would 


ors were merely making a comparison between 


see whether various practices did have some effect 


of the evidence developed in the 


ised had no direct effect at all 


se experimental heats differences had been found as 





f variation in practice then one would be justified in 


practice does make a difference and it would be 


investigate on a commercial scale to out what 


fferences are However, in view of the fact that no 


were found, it is quite unlikely that would find 


think 


out occult effects on the 


one 

mmercial practice. | the outcome of the 

wical. We have to 
and practices can only affect either the 

re of the steel. It the 
that controls the 

KERR It is 
iminum 1S 


pape I 


rule proper 


composition 


is only composition or structure 


property 


my understanding that the main function 


deoxidation, and you mentioned that in 


steel with the fully reducing slag you thought you 
getting some aluminum nitrides which affected your 
yperties. On our basic steels, finished under reducing 
id not seem to find it necessary to use aluminum 


dering whether any tests had been made on basic steel 


reducing slag without aluminum 








Mr. Kura: The addition of the same amount of deoxidizer 
was made to all the heats so that deox! tion would not be 
an uncontrolled tactor when the heats were co area 

If the basic reduced heats had not been deoxidized wi 
aluminum, no intergranular type of fracture caused by alum 
num nitride could have occurred in the steel. If n ! 
or any other strong deoxidizing agent nad been a ‘ the 
sulpl nclusions would have wen Type I that 1s 
phi es W 1} have been present as gk ies ! wou pl 
ibly have exerts less effect on Charpy bar \v ics 

Mr SIMS I wanted to mention one tance where n < 
foundry had very low sulphur steel [hey got r sc 
from a eel m n their maxi u s ur tT U. 
pel cent Regardless of “ they deox n they Nad n 
troubl will qauctulity whict s one example ot com r i 
steel where low sulphur was a solution to the ductility problem 
prot lem 

Mr. Littiegvist: I think that you can use impact in service 

Mr. Caine: What I am trying to put across is that we ar 
saving that we must have more than zero ductility no matter 
how you measure it ut we have no evidence to distinguisl 
between 60 Izod ft.-lb. and 25 ft.-Ilb All the evidence that is 
on the books at the present time says that a steel of 25 ft.-ll 
impact strength will perform in service as well as one witl 
60 ft.-ll 

Memeer: In what kind of service 

Mr. Caine: In any kind of service from aircraft down, but if 
the impact strength is less than 10 ft.-l with a coarse crystal 
line fracture there is evidence that sucl i steel will tail i 


service Again the temperature at 
be used determines the testing temperature, an 


strengths must be determined 


part 


room teniperature impact propertics mean nothing 


at this temperature 


is to be used at temperatures below room 


c 


If the 


i mip rature 


ent FeTi in 


KE. ¢ Troy Are the titanium figures spoken of in per cent 
of titanium added 

Mr. KURA Titanium was added as per 
amounts of 3 Ib. of Feli per ton of steel I he 


titanium is the amount recovered in the casting 


0.01 per cent 
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ABSTRACT 

The paper reviews the factors affecting the development of the 
graphite structure in gray cast iron and the relationship of this 
graphite structure to the properties of this important group of 
alloys. 

The main factors influencing the formation of graphite—cooling 
rate of the casting, and carbon and silicon contents—are discussed 
extensively. After briefly mentioning that the structural features 
influencing the properties of gray cast iron are the graphite flakes 
and the matrix, the discussion turns to a consideration of the 
graphite flakes. 

It is pointed out that certain features of the flakes, their amount, 
size shape and distribution, are important with respect to proper- 


ties. The factors affecting these features of the flakes are reviewed 
Emphasis is placed on the factors contributing to the formation of 
graphite distributions illustrated in the A.F.A. chart, and their 
desirability or undesirability. The treatment of the graphite 
tributions is prefaced by a review of the ideas regarding graphite 
formation in general, and the factors affecting the same. 

The paper concludes with a summary, which suggests the con 
nection of the properties of cast iron to the graphite structure 
Also, it emphasizes again that those concerned with producing gray 
iron castings must regulate certain features of the graphite and 
that this regulation is obtained by control of melting conditions 
and temperature, pouring temperature, alloying and inoculation 
practices. 











Iv Is A GENERALLY ACCEPTED FACT among metal- 
lurgists that the properties of metals and their alloys are 
related to their internal structure, and cast iron is no 
exception. It is recognized that the properties of gray 
cast iron are related to its structure—the important 
features of the structure in this case being graphite, and 
the metal or stecl-like matrix. 

Much has been written concerning the relationship 
between structure and properties, and the factors affect- 
ing the development of cast iron structure. It is the aim 
of this paper to review these factors and the relationship 
between properties and structure with the view of pre- 
senting them simply, yet without sacrificing correctness. 
In accomplishing this aim, various sources were con- 
sulted and these are acknowledged in the bibliog- 
raphy.’-'* These references are recommended to those 
readers who are interested in inquiring into the ques- 
tions of structure and properties in more detail. 


Factors in Graphite Formation 


The main factors which influence the structural 
development of cast iron are: 

a. The rate of cooling, and 

b. The composition of the iron principally in terms 

of carbon and silicon. 

Most foundrymen are acquainted with the procedure 
of chilling (the rapid cooling of cast iron by the use of 
metal plates in the mold) to produce a hard, wear- 
resistant surface on cast iron, or are accustomed to 
seeing chilling tests used as a method of control in their 
foundries. Examination of such a chilled section (Fig. 
1) shows clearly the effect of rate of cooling on the struc- 
ture of cast iron of the same composition. 


If samples are taken from the white zone, the mottled 
zone, and the gray zone, prepared by polishing and 
examined with a microscope in the as polished condi- 
tion, then the comparison shown in Fig. 2 will be 
observed. There is practically no graphite apparent in 
the white zone where cooling was rapid, some is evi 
dent in the mottled zone where cooling is somewhat 
slower, and much more is found in the gray zone. The 
chemical analyses for carbon as graphite gave 0.20 per 
cent in the white zone, 1.50 per cent in the mottled, and 
2.70 per cent in the gray region. 

Fastest Cooling (Chilled Face) 
v 


Tota CARBON APPROXIMATE 
3.50% HARDNESS 
Chill 


Scleroscope, 64 
Brinell, 450 
Rockwell, ‘“‘C”’ scale, 4 






Comb. carbon, 3.30% » 
Graph. carbon, 0.20% = 


Mottle 


Comb. carbon, 2.00% 
Graph. carbon, 1.50% 


Scleroscope, 45 
Brinell, 300 , 
Rockwell, ‘‘C le, 


Gray Iron 


Comb. carbon, 0.80% 
Graph. carbon, 2.70% 


Scleroscope, 28 

Brinell, 150 — 

Rockwell, “‘B’’ scale, ® 

Fig. 1—Photograph of fracture of chilled test block. 

Note hardnesses and carbon analyses of white, mottled 
and gray iron zones. (After Massari'). 
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an be said then that graphite has a rate of forma- 
ion (whether it be its direct separation from the melt or 
the decomposition of pre-existing iron carbide) and that 
amount of graphite which will form is governed by 
relationship between this rate of formation and the 
rate of cooling of the casting. A fast rate of cooling may 
prevent the formation of graphite entirely while pro- 


gressively slower rates of cooling favor the formation 
f increasing amounts of graphite. 


Effects of Carbon and Silicon 


In similar fashion, the effect of the elements, carbon 
and silicon, on the amount of graphite formed can be 
shown. This is probably best shown by pouring a set 
f chill tests under similar conditions holding silicon 

stant and varying carbon in one instance, and 
holding carbon constant and varying silicon in the 
ther. The results of such comparisons are shown in 
Figs. 3 and 4. It will be noted that as the silicon con- 
tent is decreased with carbon held constant, the depth 
4 chill (depth of white iron) increases, and the same 
is true if the total carbon content is decreased with the 
silicon held constant. This means that formation of 
graphite is retarded by decrease of silicon content or 
decrease of total carbon content even though cooling 
rate is held constant. Some of the factors promoting and 
retarding graphite formation are listed in Table 1. 


In most cases it is desirable to kcep either excess, 
hard carbides or excess, soft and weak ferrite out of 


the structure. Therefore, if the section thickness is 


h that the casting cools rapidly, then to maintain 
1 gray iron structure it is necessary that the total 
irbon and silicon contents must be high and the 
loving elements must be in balance so that there will 
no excess, hard carbide areas in the structure. On 
e other hand, if the casting size imposes a slow rate of 
ooling, then the graphitizing potential due to analysis 
has to be low, otherwise overgraphitization as shown in 
Fig. 5 may occur. This results in the presence of excess 
ferrite in the structure. 
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Photomicrographs of white iron zone (left), mottled iron zone (center), and gray iron zone (right) of same 
chilled casting showing relative quantities of graphite. Unetched, 100X. 


Considering the use of alloying elements, it is appar- 
ent that if any graphitizing element is to be used alone 
in a given iron then the silicon content should be low- 
ered simultancously to avoid overgraphitization. In 
using combinations of carbide stabilizing elements 
and graphitizing elements, it is necessary to maintain 
balance to keep graphitization under control. 

The preceding statements are best summarized by 
emphasizing that cooling rate and chemical compo- 
sition must be balanced to obtain a desirable gray iron 
structure. No mention has been made as yet of the 
effect of such factors as superheating, pouring tempcra- 
ture and inoculation upon the graphitizing tendency 
of cast iron. These will be introduced into the discus- 
sion later. It is also worthy of mention that still other 
factors such as type of melting furnace and melting 
practice as well as atmosphere and slag composition can 
influence the graphitizing tendency of gray cast iron. 
However, a detailed discussion of such influences is 
felt to be beyond the scope of this paper. ‘The factors 
affecting the properties of gray cast irons have been 
summarized elsewhere." 


Consideration of the Graphite Phase 


Structure desired in good grade of gray cast iron is 
shown in Fig. 6. Two features of this structure should 
be emphasized, namely: the graphite flakes, and the 
matrix. 


TABLE 1.—SOME Factors PROMOTING OR RETARDING 
GRAPHITE FORMATION 





Factors Factors 


Promoting Formation Retarding Formation 


1. Slower cooling rate 1. Faster cooling rate 

2. Increased total carbon 2. Decreased total carbon 

8. Increased silicon 8. Decreased silicon 

4. Presence of graphitizing ele- 4. Presence of carbide stabiliz- 


ments such as nickel, alumi- 
num, titanium, zirconium, 
and copper 


ing elements such as chrom- 
ium, vanadium and in lesser 
degree manganese and mo- 
lybdenum 
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Fig. 3—Increase of chill depth with decrease of silicon 
content for constant carbon contents. (After Schuz 


and Pohl*s). 
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Fig. 4—Increase of chill depth with decrease of total 
carbon content. Silicon range 0.81 to 0.89 per cent. 
(After Schuz and Pohl’). 
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Fig. 6 — Photomicrograph of pearlitic gray cast iron 
showing pearlite and graphite flakes. Nital etch, 500X 
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Fig. 7—Photomicrograph of 0.8 per cent carbon 
toid) steel showing a completely pearlitic “i/ume 
print” structure. (After Allen*”) 
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Fig. 9—Graphite flake sizes in 1.2-in. diameter bar (left), 

2-in. diameter bar (center), and 6-in. diameter bar 

(right). Chemical analysis of iron: T. C, 3.46 per cent, 

Si 2.36 per cent. Unetched, 100X. (From Mahin and 
Lownie!®). 


The matrix plays an important part in governing 
the properties of gray cast iron. Gray cast iron has 
been referred to as steel plus graphite* and it is the 
matrix, or metallic portion of the structure, which is 
similar to steel in nature. In this paper, it is not 
intended to deal with the matrix in detail. A thorough 
discussion of matrix will be found in a previous A.F.A. 
paper.'§ It is sufficient to say that the matrix structure 
should resemble as much as possible the structure of a 
steel with 0.8 per cent carbon, that is, it should be 
mainly pearlitic (Fig. 7). It should be understood that 
modifications of this particular matrix are sometimes 
produced in the interest of improving certain mechan- 
ical properties of gray cast iron. 

Turning to a consideration of the graphite flakes, 
it is evident that there are several features connected 
with the graphite formation. These are flake size, flake 
shape, the amount of graphite, and the distribution of 
the graphite. Each of these features and the factors 
operating to affect them will be considered. 


Features of the Graphite 


Size of graphite flakes are classified on the basis of 
structural examination in the unetched condition at 
100 magnifications. The American Foundrymen’s As- 
sociation in conjunction with the American Society 
for Testing Materials has established a chart depicting 
the range of flake sizes encountered in commercial 
irons.'® By comparison of the structure in question 
with this chart it is possible to rate the flakes accord- 
ing to the numbering system of the chart. The finest 
flakes are rated at size 8 (longest flakes 1/16 to 4 in. 
in length at x 100) and the coarsest flakes are rated as 
size | (longest flakes 4 in. or more in length at x 100). 
A reproduction of parts of the A.F.A. graphite flakes 
size chart is shown in Fig. 8. 

One factor which is of importance in influencing the 
size of the graphite flakes is the rate of cooling of the 
casting. The flake size will be finer as the casting cools 





GRAPHITE PHASE IN GRAY Ca k 





at a faster rate—that is, as the casting section size js 
reduced. Another factor influencing the flake size is tly 
total carbon content of the iron. In this case 1! 

of the flakes is smaller as the total carbon content of 
the iron is lower. Figures 9 and 10 illustrate the influ 
ence of cooling rate and total carbon content on the 
graphite flake size. 

The presence of certain alloying elements would 
affect the graphite size. It is probable that graphite s 
will be of influence on the mechanical properties 
gray cast iron, but it can not be demonstrated posi- 
tively in many cases. Frequently, the variations in Ilake 
size are accompanied by variations in the matrix ai 
hence the true effects of flake size variations are some. 
what obscured. 


Shape of the flakes is a somewhat uncontrollable — 
feature of the graphite structure. It is true that fine Sen 
graphite flakes are compact in form and that the gra heals 
phite flakes in some alloy cast irons also exhibit this ” 
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Fig. 11—Graphite flakes and formation models as cot cool i) 
structed by MacKenzie’. nicke 
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ompactness. In most cases, however, the flakes seem 
o be definitely stringy in character. Graphite more 

arly in the form of temper carbon—the compact type 
une ff graphite found in malleable iron—would seem to be 


pra lesirable. 
= In connection with the shape of graphite in gray 
iron, it is interesting to note that the graphite flake is 
actually not the two dimensional (length and thick- 
ness) particle that we might be Iced to expect from our 
microexamination. It has been shown® that the gra- 
phite has a third dimension and its real appearance in 
space can be modeled as shown in Fig. 11. 

lhe amount of graphite is related to the total carbon 
conient of the iron, and to other factors. For example, 
ifthe total carbon content of gray cast iron is lowered 
ind the remainder of the analysis is adjusted—mainly 
by raising the silicon content—so as to maintain a 
pearlite matrix, then a lesser amount of graphite will 
form. This is based on the assumption that the size of 
the casting, and hence the cooling rate, will be kept 
onstant. 

Some analyses values might clarify this. If the total 
arbon content is to be considered 3.50 per cent and 
the combined carbon content—that part of the carbon 
in the pearlite—is 0.70 per cent, then the carbon as 
graphite will be 2.80 per cent by difference. Now, if 
the total carbon in another iron is 3.0 per cent and the 
combined carbon is again 0.70 per cent, the carbon as 
graphite will be 2.30 per cent. 

{he other important factors affecting the amount of 

graphite are the presence of other clements, and the 
ad ooling rate. Certain elements such as silicon and 
uicke! are known as graphitizers and certain others 





such as chromium are known as carbide formers. If a 
certain size of casting is being made and the remainder 
of the analysis is held constant, an increase in the sili- 
con will result in an increase in the amount of graphite 
to the point of causing the occurrence of the aforemen- 
tioned overgraphitization. On the other hand, a car- 
bide former such as chromium would work in the other 
direction and the amount of graphite here would be 
decreased. In fact, excess, hard carbide areas would 
appear in the structure with increasing amounts of 
chromium. 

The importance of cooling rate was brought out 
earlier and attention is called again to Figs. | and 5. 
Graphite formation is suppressed above a certain (fast) 
rate of cooling in any given cast iron. The rate of 
cooling required to suppress graphite formation will 
be related to the analysis of the iron. An iron with high 
carbon and/or silicon will contain graphite in its 
structure at higher rates of cooling than an iron with 
lower carbon and/or lower silicon contents. This 
means that for a given analysis larger sections, which 
cool slowly. may experience much graphite formation 
and large quantites of ferrite may form in the matrix 
(overgraphitization in Fig. 5). This condition is not 
desirable in the majority of cases and must be guarded 
against by analysis control. 

The distribution of graphite, or the arrangement of 
the flakes, in gray cast iron is of definite importance. 
This feature of the graphite has also been the subject 
of classification by the A.F.A.—A.S.T.M. A reproduc- 
tion of the distribution classification chart is given in 
Fig. 12. As it can be observed, this classification is on 
the basis of the letters A to E. If fine graphite is to have 
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a beneficial or strengthening effect on gray cast iron, it 
is important that this graphite be in random arrange- 
ment and not interdendritic arrangement. 


An examination of the manner in which these gra- 
phite structures form is in order. However, it seems 
advisable to consider graphite formation in general 
before taking up the details of these structures. 

Formation of Graphite. There has always been much 
debate as to whether graphite separates directly from 
the molten iron, or whether iron carbide deposits first 
and graphite formation results from its decomposi- 
tion.'” Fairly recent experiments by Boyles,* Boyles 
and Lorig,*? and Eash® may be quoted as bearing on this 
question. 

Boyles showed that solidification of gray cast iron 
started with the formation of primary austenite—that 
is, when the line BC’ (BC) was reached on the iron- 
carbon diagram (Fig. 13). Primary austenite continued 
to form within the remaining liquid tron as the tem- 
perature dropper. Then, in the vicinity of the line 
E’C’F’ (ECF) on the iron-carbon diagram, the remain- 
ing liquid iron froze. This final freezing was accom- 
plished by the formation of more austenite, and gra- 
phite in the spaces between the so-called dendrites of 
primary austenite. This growth started from several 
centers and in each case grew out radially like the 
spokes of a wheel. The graphite flakes continued their 
growth by Iengthening, but not by thickening very 
much. This leads to a rosette-like or whorl development 
of the graphite. A stage in such radial growth between 
the primary austenite dendrites is shown in Fig. 14 
taken [rom Boyles’ paper. 

Boyles and Lorig presented further data in reporting 
on the undercooling of gray cast iron. They were en- 
deavoring to show that under similar conditions of 
cooling, the radial development of graphite did not 
always occur at the same temperature range. At times 
this formation of graphite will undercool, that is take 
place at a somewhat lowcr temperature. Evidence of 
this undercooling and the structural result as far as 
graphite is concerned, is shown in Figs. 15 and 16 from 
their paper. Note in the cooling curves of Fig. 15 that 
the breaks between 2050 and 2100 F occur at a some- 
what higher temperature in the normal irons as com- 
pared to the modified irons, which exhibit under- 
cooling. 

The structural differences in the graphite as shown 
in Fig. 16 should also be noted. The normal iron on the 
left contains graphite similar to Type A or Type B on 
the chart (Fig. 12). The modified, undercooled iron on 
the right, with the radial growth developing from only 
one center (at D) in this particular region shows con- 
siderable graphite resembling Type D (Fig. 12). The 
coarser flakes at the edges of this growth formed at a 
somewhat higher temperature where the rate of solidi- 
fication was slower. The arrows on Figure 16 show 
directions of flake growth. The letters on the figure 
indicate centers of growth and are not indicative of the 
type of graphite. 


Eash studied the behavior of gray cast iron in the 
course of an investigation of inoculation. He came to 
the conclusion that in certain cases graphite separated 
directly from the melt in the vicinity of line E’C’F’ on 
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the iron-carbon diagram in which cases it wou! 
Type A, BorE distribution. He concluded furt} 
in other cases iron carbide separated from the 
the vicinity of line ECF on the diagram (Fig. 
part of the eutectic and this carbide decomposed 
graphite. The result of the latter behavior was 1] 
graphite. 

Ihis is based on the reasoning that there are two dig 
grams (Fig. 13), one representing relationships betwee 
iron and graphite, and the other relationships betwee 
iron and iron carbide. If undercooling of the iron 
graphite line occurs (line E’C’F’), then solidificatio; 
may partly occur in the vicinity of the iron-iron car! 
line, ECF, and graphite will result only from on 
position of the iron carbide. Photomicrograph: 
dence is presented by Eash to substantiate his results 
Discussion of these photomicrographs might becon 


too voluminous for this paper and it is suggested that 


the interested reader consult the original referenc 


Additional Factors of Influence. Further evidenc 
the factors influencing graphite formation and 
tribution have been brought out by cooling rate stud 
and various superheating investigations. Schneidey 
and D'Amico in the course of studies of structural « 
velopment** clearly showed the influence of sey 
undercooling in promoting fine graphite formation 
type D or E distribution. 

By pouring wedge shaped castings of cast iron, t! 
investigators were able to study the relationship | 
tween cooling rate and structure. Furthermore tx 
found that structure could be correlated with the ten 
perature at which solidification could be made to occu 
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Fig. 13—Double diagram of iron-carbon equilibrium 
Dotted lines represent iron-graphite relationships 
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Fig. 14—Radial or cell growth in gray cast iron at eutectic temperature. Note cells growing between primary 
austenite dendrites (left)and structure of cell growth (right). (After Boyles.) 


taken from their papers and modified some 
it »ws the correlation between solidification tem- 
and structure. 

It is evident that if the cooling rate is such as to 
the final stages of solidification to take place in 
inity of 1970 to 1992 F, a condition which is 
d near the tip of such aforementioned wedge 

then Type D to E distributions of the graphite 
| result. 

Numerous investigations on superheating have indi 
the far reaching effect of this factor on graphite 
ition. Although the explanation of the results of 

perheating are still a matter of controversy,!®”° it is 

generally agreed that superheating may result in under- 
oling. This means that superheating leads to a fine1 
raphite flake size and a tendency toward Type D gra 
distribution, the latter particularly in the case of 
erheating of lower carbon irons. 


Finally, mention should be made of the influence of 

iring temperature upon graphite formation and the 

neral structure of gray cast iron. Timmons and 

Crosby’ showed that a decrease in pouring temperature 

ted in the same direction as an increase in cooling 

te and hence favored undercooling. In their higher 

irbon irons, the graphite which was of definite Type 

listribution with a pouring temperature of 2800 F 

just as definitely Type B with pouring tempera- 

ture of 2350 F and a gaod deal of ferrite appeared in 

itrix. Again, one of their lower carbon irons, 

showed only a faint Type D graphite distribu- 

hen poured at 2800 F, showed pronounced Type 

D graphite and more free ferrite when poured at 

-530 F. The tensile and impact strengths in these lower 
rbon irons poured at 2350 F were definitely low. 


ll ll pte id 


Formation of Distribution Types. Having discussed 

inner of graphite formation and some of the fac- 

tors influencing the same, consideration will now be 

given to the formation of the various distribution types 
‘shown in Fig. 12. 





Type A—This type of graphite distribution will result 
when all factors tending to promote severe undercool- 
ing are held toa minimum. This type of graphite occurs 
quite readily in higher carbon irons. However, in such 
irons an increase of cooling rate will result in a ten 
dency toward Type B distribution. The graphite flakes 
in the Type A distribution can be produced in some 
what finer size by superheating of these higher carbon 
irons, that is heating the molten iron to temperatures 
well above those necessary to melt the iron, Type A 
graphite docs not occur so readily in the lower carbon 
irons, namcly those irons with carbon in the vicinity of 
3 per cent more or less. However, by processing or 
inoculating of such irons, it is possible to favor the for 
mation of Type A distribution. This type of graphite 
distribution is the most desirable one, since it promotes 
superior strength and toughness. 


Type B—From examination of various photomicro- 
graphs in the literature, it would appear that these pro- 
nounced rosette patterns appear most frequently in 
higher carbon irons. Such pronounced rosettes result 
when these irons are cooled at faster rates. For example, 
Type B graphite distribution occurs near the surfaces 
of higher carbon castings while the graphite in the 
main body of the casting is Type A. Although this type 
of graphite is not so desirable as Type A, it is question- 
able whether it is seriously detrimental to the major 
properties of gray cast iron. However, the wear resist- 
ance of gray irons containing pronounced Type B gra- 
phite may be adversely affected because of the associa- 
tion of large quantities of soft ferrite with this type of 
graphite. 

Type C—This type of graphite is uncommon in gray 
cast iron. In fact, the writer believes recalling that the 
particular photomicrograph shown in the A.F.A. chart 
was taken from a sample of pig iron. It has been sug- 
gested that this distribution would occur in irons whose 
analysis was such as to make them hyper-eutectic, that is 
to place them to the right of point C’ (C) in the iron- 





142 


carbon diagram (Fig. 13). Thus, any iron might show 
this distribution if the sum of its carbon content plus 
one-third of its silicon content was 4.3 or greater. 

Type D and Type E—These types of graphite are 
classified as interdendritic graphite. This classification 
would seem to be somewhat of a misnomer in view of 
soyles’ experiments which indicate that all graphite is 
interdendritic, that is, it forms between the primary 
austenite dendrites. Furthermore, the term preferred 
orientation is somewhat misleading. Type E, which is 
classified in this fashion, is certainly not to be preferred 
in the usual sense of this word. In many instances it is 
preferable not to have Type E or Type D graphite. 

The word preferred in this case is used to indicate the 
pronounced directional nature of the graphite. These 
types of graphite are found rather frequently in lower 
carbon irons as stated previously. In many instances 
such lower carbon irons, those with carbon content in 
the vicinity of 3 per cent, are chosen with the expec- 
tancy that they will exhibit high strength values, yet 
when actual tests are made, such as tensile strength, 
transverse strength, transverse deflection and impact 
strength determinations, the results may be disappoint- 
ingiy low. This situation may be and is being controlled 
in present day foundry practice by inoculation, or late 
ladle treatment for the purpose of regulating the struc- 
ture of the iron with respect to graphite and chilling 
tendencies. The theory of inoculation has been pre- 
sented in a recent paper by Lownie.?! 

Eash* has presented some values to indicate the detri- 
mental effect of these graphite distribution types and 
the benefit to be derived from inoculation treatment. 
McElwee and Barlow”? have also dealt extensively with 
this subject. 

Formation of these types of graphite is favored by 
faster cooling rates, so that at least there is a tendency 
for them to appear even in higher carbon irons if the 
cooling rate is fast enough. In other cases, the graphite 
distribution in the main body of the casting may be 
fairly good, while at the casting surfaces Types D and E 
graphite will occur. Since large amounts of ferrite are 
associated with these latter distributions, this is another 
undesirable feature of this type of graphite structure as 
it detracts from wear resistance. Inoculation is also 
helpful in this respect either by eliminating the condi- 
tion altogether, or displacing it to such a position in 


TABLE 2.—INFLUENCE OF TEMPERATURE OF 
SOLIDIFICATION UPON THE GRAPHITE PATTERN 





(Adapted from Schneidewind & D'Amico) 
Analysis of iron: Carbon 2.78%, Silicon 1.5% 
(other elements not given) 





Solidification 
Temperature, 
> F. Type of Structure 
2060 Gray iron. Normal flake structure, Type A. 
2040 Gray iron. Normal flake structure, Type A. 
1992 Gray iron. Some short flake graphite. Some 
eutectiform graphite in dendritic disper- 
sion. Type A and Type D. 
1970 Gray iron. Eutectiform graphite in very 
dendritic dispersion, Types D to E. 
1955 Mottled iron. Carbides plus eutectiform 
graphite. 
1818 White iron. Traces of graphite and some 


temper carbon formed during cooling. 
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the casting that it can be removed in subsequen; ma 
chine shop operations. 
Summary 

The graphite in gray cast iron has certain { 
that are of importance to the metallurgist and 
casting manufacturer. Considerable attention h 
paid to these features, which include the amou: 
shape and distribution of graphite, because the gi 
phase has a very definite bearing on the prop« 
cast iron. The presence of graphite in gray cast i) 
and the structural features of this graphite is 1 


in such commonly considered properties of gray cas 


iron as tensile and compressive strengths, trans; 
(bending) strength, deflection in the transverse tes 
impact strength, wear, and heat resistance. Of cours 
other details in tensile and compressive testing a 
fected by the graphite phase. Furthermore, two ces 
able properties specific to cast iron—namely, its abilit 
to absorb vibrations set up in it (damping capaci! 
and its low sensitivity to notches in vibratory applica 
tions are linked to the presence of the graphite. Fa 
specific use for cast iron requires a more or less speci| 
total carbon content. This total carbon content ree 
lates to a large degree the amount of graphite. It is t 
job of the foundry supervision to see to it that 
amount of graphite is maintained in a wholly pearlit 
matrix in most cases, or at least a close approach to t 
same, and to guide the formation of this graphit 
much as possible toward Type A distribution. 1 
size and section relationships of the casting being fix 
the desired regulation is obtained by control of melti: 
conditions and temperature, pouring temperatu 
alloying and inoculation practices. 
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DISCUSSION 


Chairman—V. A. Crossy, Climax Molybdenum Co., Detroit 

Co-Chairman—H. N. Myers, Perfect Circle Co., Hagerstown, Ind 

ALFRED Boy tes' (written discussion): The author has done a 
good job of describing in a clear and simple manner some of the 
major factors influencing the structure of cast iron. There are 
several points which might be mentioned, not by way of adverse 
criticism, but simply to broaden the scope of discussion somewhat. 

It has always seemed to me that a double diagram, such as that 
shown in Fig. 13, may be very misleading to some people. A 
foundryman, unversed in the mysteries of physical equilibria, 
looks at such a diagram and says: “The gray iron eutectic freezes 
at 2075 F. The white iron eutectic freezes at 2066 F. If my castings 
undercool to 2066 F or below, I am sunk.” 

Then he may put a thermocouple in a mold and find that the 
eutectic in his iron is actually freezing at 2025 F. The fracture is 
gray and the microscope shows Type A graphite flakes in a matrix 
of pearlite. This foundryman, who does not realize that the diag- 
ram represents “the theoretical stable and metastable tempera- 
tures of equilibrium in iron-carbon alloys” naturally concludes 
that the diagram is no good and discounts all theories based there- 
on. A sharp distinction between “normal structures” and “under- 
cooled structures” established this way may be very misleading. It 
is safer to say that all castings undercool to a certain extent and 
that the difference is one of degree and not of kind. 

The degree of undercooling needed to produce a white iron is 
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a function of composition with respect to carbon and silicon, as 
the author points out. What is not made clear is that Fig. 13 applies 
to iron-carbon alloys and that the presence of silicon alters the 
diagram very profoundly. I realize that the author could not go 
into the complexities of a ternary system in a paper of this type. 
This criticism is oflered simply in the hope of avoiding confusion 
in the minds of some readers by over-simplification of the subject. 

A second point of discussion is concerned with the question: 
“What is the ideal structure?” There is a group of foundrymen who 
must produce castings of high strength and high resistance to 
wear. These men are practically unanimous in voting for Type 
A graphite in a fully pearlitic matrix. As a group they have de- 
voted the most attention to structure and have written the most 
papers. No one will dispute with them on the structural require- 
ments they must meet in order to produce a satisfactory product. 

There is a second group of foundrymen who turn out enormous 
quantities of gray iron castings without any particular regard to 
structure control other than to avoid chill. Suppose one of these 
men reads the papers written by the first group and begins to 
strive for the type of structure recommended by them. Whether 
he gains or loses depends entirely on the conditions of service of 
the castings in question. A mixture of Types A, B and D graphite 
in a matrix of ferrite and pearlite may be perfectly satisfactory for 
the class of work this man is producing and his efforts at quality 
might have been better devoted to improving the soundness of his 
castings rather than to changing their type of structure. 

There is a third type of gray iron casting poured in permanent 
molds and then annealed to produce a fully ferritic matrix. Some 
of these castings are very thin and have a very pronounced Type 
D graphite structure throughout. Their strength, because of the 
fineness of the dendritic pattern, may be quite high and their re- 
sistance to shock may be excellent. Nevertheless, | have heard some 
of the men producing these castings apologize for their structure 
in a technical meeting. Actually, a thin casting of the type under 
discussion, if made in a manner to give Type A graphite of medium 
size in a fully pearlitic matrix, would probably have been lower 
in strength and would certainly have been very much lower in 
impact resistance than the permanent mold casting. The men who 
apologized had been reading about the ideal structure of cast iron. 

This question of structure is something like setting up an “ideal 
structure” for steel without regard to the conditions of service 
under which the steel must perform. It would be foolish to use a 
high quality, structurally controlled steel for concrete bars. Such 
bars are made from “oll heats” unsuitable for other purposes and 
yet the finished product serves its purpose and is entirely satisfac- 
tory from an engineering standpoint. It seems to me that the 
question of structure control in cast iron should be subject to the 
same principles. What is good in a bath tub may be worthless in a 
cylinder liner, but this does not mean that the bath tub would be 
improved by giving it the same structure as the cylinder liner. 

R. C. McEtwee': Dr. Lindsay raised the question whether or 
not type B graphite was seriously detrimental to the major 
properties of gray cast iron. It is my experience that it does 
affect. machining of castings—machinability—for the following 
reason: If castings are being machined on an old machine tool, 
or one that is not too rigid in set up, I think it can be appre- 
ciated that the tool is moving from moderately hard areas to 
relatively soft areas in a structure containing type B graphite 
and associated ferrite. This is apt to cause the phenomenon of 
tool chatter and result in a number of complaints of poor 
machinability attributed to hardness. Actually this behavior 
is due to the relative hardness of pearlite, which is moderately 
hard, and ferrite, which is quite soft. In such cases the overall 
hardness of the structure as measured by a hardness test is 
fairly normal for gray cast iron. 

W. R. Jennincs*: Terms such as super-cooling and under 
cooling are commonly used around the laboratory. These terms 
are not too familiar to the man in the shop. It seems to me 
desirable to define and elaborate upon much of this terminology. 

Mr. Linpsay: I am in agreement with what Mr. McElwee 
said about the effect of type B graphite on machinability. I was 
doubtful mainly as to whether any conclusive data had been 
presented regarding the effect of type B graphite on such 
mechanical properties as the tensile behavior, the toughness, 
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and the transverse strength and deflection. Of course, the effec 
of type B graphite on machinability would be equally in 
n view of the machining performed upon gray Cast iror 


C. O. Burcess*: When you examine the cross secti fa 
transverse bar of gray cast iron, quite frequently the fi - 
D graphite wil be found close to the surface which is 
able on the basis of super-cooling. However, areas of | ‘ 
of graphite are found deeper in the body of the b 
cooling is slower than at the surface, and often some $ are 


found in the very center of the bar. This would appeai 
to explain on the basis of super-cooling alone. 

R. W. Linpsay: It is a behavior which I have noti f 
time to time. The presence of this type D graphit 
interior of a bar would seem to be due to some factor or [aciors 
other than cooling rate. Recently we worked on so ars 
which showed this very condition. We were investigating {he 
decomposition of combined carbon in pearlite and we 1, 
that the rapidity with which the combined carbon was (lecom 
posed depended on the type of graphite present, being more 
rapid in the presence of type D. Consequently, we were inter 
ested in having present only one type of graphite, preferably 
type A. In order to obtain such samples, we had to turn of 
the surface of the bar, slice discs from the bar, and then cu 
our samples from these discs in such a way that the centra 
portion of the bar was rejected. I can offer no valid exp 


as to why these areas of type D graphite form in the body of the 


TEMPERATURE 


casting where cooling is slower. 

J. T. MacKenzie*: I think you will find it is due to pressure 
If you take a chilled specimen in casting, a chilled mold in a 
round bar, and take it out just after the outside has frozen 
and quench it, you nearly always get another chill area in 
center and that is because the graphite has to expand to {i 
and you have no room for it to expand—it cannot form. 1 
is probably the reason for the difference in the center struc 
By the time you get down to that small volume, there is 





much pressure that normal graphite cannot form. —_— 
Mr. Linpsay (Author's Closure): The author wishes to t! 
those who took part in discussing this paper. The questior € 
of terminology raised by Mr. Jennings is a troublesome « ““ 
Ihe original idea was to prepare a paper to present a simpli Vs, 
explanation of the formation and influence of graphite in g St 
cast iron. However, it was not found possible to do this ent 
and technical terminology began to creep into the presenia O° 


At the time the paper was reviewed the opinion was express 
that simplification of terminology was becoming necessary 
it was agreed that such simplification would probably not 
in too well here. The possibility of preparing some sort nts Sie 
text to do this job was mentioned. 7? 
Since the word “under-cooling” was used in the paper q “he 
a bit, an attempt will be made to clarify its meaning at . ‘ 
time. Figure 17 will be used for this discussion. Any eut 
type alloy will show a curve such as (a) or (b) when it is at tle 
the process of cooling and solidifying. There are two su ai cs 
eutectics possible in the iron-carbon system—one, the cute etic 
in the iron-graphite system, and the other the eutectic in aa 
iron-iron carbide system. When type A or type B grap! . 
forms, it separates directly from the melt as part of the austenit Hov 
graphite eutectic. On the other hand, when type D graj ery of 
forms it does so as a result of the formation of the austenit peratut 
iron carbide eutectic and subsequent decomposition of the carbice lens 
in this eutectic at some temperature following solidification The co 
give fine graphite. he left 
ficatior , 


In the case where type A or B graphite form, solidificat € pay 


} 


starts with the formation of austenite dendrites and this avs epend 
tenite formation continues in region 1 down to the austenit n term 
graphite arrest temperature. Assuming the case of no unde! f nuc! 
cooling, a eutectic mixture forms at this temperature w! tectic 
is maintained constant until solidification is complet Phis € cool 
mixture consists of more austenite plus graphite of type A “ 


B distribution. This solidification pattern for a cast iron whic If ur 
is hypo-eutectic—that is, for a cast iron in which the sum ) curve 
its carbon content plus one-third of the silicon content 1s !& vith for 
lower } 
’ arp 


than 4.3 per cent—is shown schematically in Fig. 18. In 
carbon irons where an appreciable number of austenite dem zing pr 


drites form prior to eutectic solidification, the graphite in ( after 
eutectic is forced to form in very confined spaces between thes mott! 
dendrites. As a result the graphite outlines these dendni¢ say 


very clearly and possesses a type E distribution. subsequ 
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po-eutectic iron-carbon-silicon alloys. 
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Progress of solidification according to the stable system 
(Adapted from Mor 
austenite dendrites in liquid, above 
tic arrrest the primary crystals forms. At B, austenite 
eutectic cells of austenite and graphite; 
eutectic arrest the eutectic of austenite and graphite solidi 
a spheroidal crystallization front. At C, graphite flakes 
on completion of solidification the 


Williams.) At A, 


matrix of austenite; 


nite of dendrites and the eutectic become continuous 


the solidification of the austenite-graphite eutectic 
ften does not start when the iron has cooled to the tem 
re of the austenite-graphite arrest in Fig. 17. It cools 
this, or undercools, to a certain extent into region 2 
oling curve for a mild case of undercooling is shown in 
the one for the normal iron—in Fig. 15 in 
iper. The degree of undercooling within region 2 will 
| upon the cooling rate, the graphitizing power of the iron 
ms of its carbon and silicon contents, and the presence 
initiate graphitization. The austenite-graphite 
irrest can be undercooled more severely, 
ng rate, the lower the carbon and /or silicon contents, and 


lei to 
when the faster 


uclei are present 

ndercooling is very severe, the iron may cool according 

ve (b). This will result in final solidification taking place 
mation of austenite-iron carbide eutectic at the austenite- 
irrest temperature. If such an iron has sufficient graphi 
wer, the carbide in the eutectic will decompose shortly 
idification to fine, type D graphite. However, white or 
iron would form if the graphitizing power were low— 
to insufficient carbon or silicon, or if the cooling rate 
nt to solidification was rapid enough to bring the iron 





Graphite structures in annealed permanent mold cast 


Type A-B graphite, upper right 


into a temperature where decomposition of carbide ts 


range 
relatively slow 

Frequently the structure in gray cast iron is similar to that 
shown in Fig. 16 (right) in the This means probably 
that the first regions of eutectic to form in the centers of the 


cells between the austenite dendrites are austenite-iron carbide 


papel 


and the carbides in these areas subsquently decomposed 
type D graphite. The heat of 


temperature a bit and the 


eutectic, 


into fine formation of these 


eutectic areas raises the remaining 
liquid toward the edges of the cells finishes solidification in the 
upper part of region 2 where a mildly undercooled austenit 
graphite eutectic forms. This leads to a coarser flake formation 
at the edges of the cells 

he other possibility, which is much less likely in view of 
recent experimental evidence, is that greater undercooling into 
region 2 from region 1 would lead to fine graphite at the cell 
centers and coarse graphite at the cell edges. The thought is 
that the graphite that would form in the lower part of region 2 
with the solidification behavior of other 


Ihe heat developed by this initial solidi 


would be fine in line 
undercooled solutions 


fication would bring the temperature back up into the upper 
part of region 2 where coarser graphite would form 
Ihe author considers the discussion written by Dr. Boyles 


to be quite pertinent to the paper. However, there is one point 
brought out by Dr. Boyles that might be in error 
the statement that freezing of the eutectic at 2025° F 


Ihe author has re-examined previous 


This involves 
would 
result in type A graphite 
literature and has found that appreciable type D graphite results 
if solidification takes place in part at this temperature. In fact, 
type D graphite resulted in many cases where a temperature 
break in the cooling curve was found at even higher tempera 
tures. Such evidence is clear in papers by Eash,’ Boyles and 
Lorig,? and Schneidewind and D’Amico.’* Also, the 
temperature and this means that 


presence 
of silicon raises the eutectic 
a temperature of 2025° F. would be associated with more pro 
nounced underceoling 

It is true that very frequently the type of graphite 


in a casting might be a matter of no particular concern. The 


present 


paper will serve a however, if it assists in an under 
standing of the graphite formation problem in those instances 


of the graphite is important 


purpose, 


where the size and distribution 
It is true that in 
prevalent and that good service 


permanent mold castings type D structure 


is quite results are obtained 
This is a definite case where type D graphite is the result of 
the very castings 
and the presence of this type of graphite must be accepted as 
a fact. It is doubtful if anything could be done to materially 


lessen amount of type D graphite in such castings (Fig. 19). 


rapid cooling of certain parts or all of these 











IMPREGNATION OF 


ALUMINUM AND MAGNESIUM CASTINGS 


By E. V 


- Blackmun * 


Cleveland, Ohio 


Founprigs producing aluminum and magnesium 
allov castings and the users of the castings may be con- 
fronted with the problem of eliminating leakage in 
castings which must be pressure tight. Limitations im- 
posed on the designer may be such that the casting 
contains certain areas from which fine leaks cannot be 
eliminated. In such cases impregnation is a necessary 
step in the manufacture of pressure tight castings which 
will meet the service required of them. 

Impregnation should not be considered as a means 
of salvaging structurally faulty castings because the 
process is effective only when the leaks are small. Leak- 
proofing procedures are not expedients to increase 
production or to maintain a high rate of manufacture 
in the face of the reduced quality that is sometimes 
associated with increased production. When used cor- 
rectly, impregnation methods avoid the loss of service- 
able castings and are necessary to compensate for unfa- 
vorable design and the limitations of the foundry art. 

The selection of sealing materials and the methods of 
impregnation have been the subject of considerable 
experimentation over a period of years. In general, the 
tests have been carried out on production castings. 
Leak-proofing procedures were developed gradually 
from the production tests and standard processes were 
evolved for leak testing and impregnation with sodium 
silicate solution, tung oil, phenolic resin varnishes, 
styrene-resin solutions, and drying oil-resin solutions. 


Leak Testing 

The perfect leak test should exactly duplicate the 
service conditions. In actual practice, however, the 
many types of solutions which are held in, or flow 
through castings under pressure and the innumerable 
variations in pressure and temperature make actual 
duplication of service conditions impractical. A few 
simple test methods have been devised which will indi- 
cate whether or not a casting will be pressure tight 
under a wide varicty of service conditions. The selec- 
tion of the conditions of the test will depend on the 
service requirements and the size and shape of the 
castings. 

Several methods of leak testing are commonly used. 
Internal pressure may be applied with compressed air 
and the leakage revealed by covering the casting with a 
film of soapy water or by immersing the casting in water. 


* Chief Works Metallurgist, Aluminum Company of America, 


Works Metallurgical Department, Cleveland, Ohio. 


Pressure may also be applied by means of liquids suct 
as glycol, mineral spirits or mineral oil, the selection of 
the material depending on the service conditions. Tests 
of this kind are used infrequently and will not be de 
scribed in detail. The combination of internal air pres 
sure and soap solution or water immersion is most 
widely used and a detailed description follows. 

After all openings in the casting have been covered 
or plugged, a predetermined air pressure is applied 
The usual pressures emploved for testing range from I( 
to 40 psi. Occasionally pressures as high as 90 psi have 
been applied, but experience has shown that the lower 
pressures are just as effective as the higher pressures 
provided a suitable means is employed for detecting 
leaks in the particular casting type. 


Special Fixture Types 

Figure | shows a typical casting clamped in a pneu 
matic machine ready for pressure testing. Figure 7 
shows a bank of pressure testing machines in whic! 
small motor parts are being tested. 

Other types of fixtures are employed for special cases 
Figure 8 shows an automobile cvlinder head set wy 
ready to be leak tested, while Fig. 9 shows a large cast 
ing plugged and capped ready for leak testing. 

Whether or not the leak test will detect all leaks 
which might show up in service denends largely on the 
method of detecting the leaks. The most critical tes 
consists of pouring or spraving a film of warm (120F 
soap solution on the casting which has been heated 
130 to 150 F. The heating of the casting may be accom 
plished by immersion in hot water either before or alter 
clamping in the fixture. The initial temperature should 
be high enough that the final temperature after testing 
is not helow 130 F. The soap solution is usually made by 
dissolving 8 oz of neutral soap powder or flakes in 5 
gal of water. A typical application of soap sclution is 
shown in Fig. 2. 

The sensitivity of the soap solution is decreased by 
testing castings at room temperature. Very fine leaks 
which are detected when the casting is heated may not 
show up when the solution is applied to a cold casting 

Immersion of the casting and fixture in hot or cold 
water may also be employed to detect leaks. Thi 
method is less sensitive than the soap solution method 
because of the difficulty in observing the escaping a! 
bubbles through the water. Although fine leaks may no 
be detected by immersion, this method has proved s4! 
isfactory in many applications. 
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Small casting in place in a pressure testing 
Openings in bottom and at one end of casting 


land air pressure applied through passages in 
the base of fixture. 


IVarm soap solution poured over outside of 
eveals leaks as small bubbles when air pressure 
is applied internally. 


Small leaks revealed by the soap bubbles are 
losed by peening with blunt chisel in an air tool. 


eral methods of eliminating leakage may be used. 
e of these, however, should be considered as a cure- 


ior leakage resulting from poor foundry practice. 


flort should be made to eliminate the leakage by 
gcs in foundry practice before the pecning or seal- 
iments are tried. 
r the leakage has been reduced to a minimum, 
several methods may be used to climinate the 
iks which remain. Mechanical peening of surface 
sufficient if the leakage is very fine. Somewhat 
evere leakage may be sealed with liquids which 
during air drying or baking. The commonest 
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and most economical of these solutions is sodium silt 
cate. Drying oils such as tung oil, synthetic varnishes of 
the glycerol phthalate or phenol formaldehyde types, 
styrene resin solutions, and drying oil-resin solutions 
are also used. The oil or varnish treatments may also 


give a surface film which provides protection from cor 


rosive attack as well as climinating leakage 
In some cases fine leaks can be closed permanently by 


peening the surface metal toward the leak with a blunt 


tool in a short stroke air hammer as shown in Fig. 3 
The blows of the tool should be from the circumlcrence 
of asmall circle around the leak toward the center. T ue 
blows of the tool should not be applied directly at the 
point of leakage. Although the leak may be closed tem 
porarily in this way, later sand blasting, polishing. or 
machining may reopen the leak. In effect, correct peen 
ing should pinch the leak shut 


Properties of Impregnating Materials 


It is generally agreed that the idcal impregnating 
material would possess the following properties: 

l. Thermosetting (infusible on rcheating). 

2. Capable of plasticizing to avoid formation of 
brittle solicts. 

Low viscosity before setting. 

Good penetrating properties. 

Minimum contraction on setting. 

Insoluble in water, coolants, solvents, gasoline, 
and oil after setting. 

7. Chemically inert to aluminum and magnesium 
alloys. 

8. Economical and readily available. 

A preliminary evaluation of impregnating materials 
is usually carried out in the laboratory by first deter- 
mining the chemical and physical properties of the 
material as follows: 

1. Examination before setting or polymerization. 

a. Viscosity—The viscosity of the material is ob- 
tained at various tempcratures. It is generally 
accepted that the relative penetrating efficiency of an 
impregnating material is increased with decrease in 
Viscosity. 

b. Chemical Effect—Immerse magnesium or alu- 
minum alloy specimens at impregnation tempecra- 
ture for 24 hr and examine specimens for etching or 
corrosive attack. 

c. Life of Impregnant—Maintain a sample of the 
matcrial at room temperature and another sample 
at operating temperature. Examine samples daily and 
check viscosities. 

2. Examination of setting or polymerization char- 

actcristics. 

a. Time and Temperature of Setting—Place a 
small sample of impregnant in test tubes or capillary 
tubes and determine optimum setting time and tem 
perature. 

3. Examination after setting or polymerization. 

a. Shrinkage—Obtain shrinkage characteristics by 
measuring the volume change in a small quantity of 
impregnant during setting. 

b. Solubility—Measure weight change after im- 
mersion of set or polymerized impregnant in water, 
coolant mixtures, solvents, gasoline and oil at room 
temperature and at elevated temperatures for 48 
hr. Simple immersion in high boiling solutions is 
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usually satisfactory. Solubility tests in solvents, gaso- 

line and oils require refluxing. 

c. Mechanical Properties—Examine set or poly- 
merized impregnant for mechanical properties by 
simple fracture tests. Hard and brittle materials 
should be avoided. 

Laboratory tests have been used to make preliminary 
evaluation of various new impregnating materials 
which are proposed from time to time. A small pressure 
test cup casting is used for these tests. After casting 
under conditions to control the degree and type of 
leakage the pressure cups are pressure tested, impreg- 
nated, and retested. If a particular application is 
involved, the cups may be given further tests under 
service conditions to determine permanence of sealing. 

Che test casting is a small cup 334 in. in diameter at 
the top, 254 in. in diameter at the bottom, and ¢# in. 
high. Wall thicknesses of 34, 14, and 14 in. are used to 
correspond to typical production casting thicknesses 
Ihe cup casting with standard gating is shown in Fig. 10. 


Pressure-Test Cup 

In casting pressure cups for studies of impregnating 
materials, several sets are made with varying degrees of 
leakage. With a low pouring temperature (1250 F), the 
gating shown will produce little or no leakage. The 
amount of leakage is increased by making the following 
changes in the order given: 

1. Reduce 114 in. top riser to 34 in. 
2. Eliminate 114 in. top riser. 


3. Raise pouring temperature 100 F. 
4. Raise pouring temperature 200 F. 
5. Raise pouring temperature 300 F. 


Using these variations in foundry practice, at least two 
sets of cups are cast with different degrees of leakage. It 
is usually sufficient to cast one set with a small amount 
of fine leaks and one set with severe leaks. 

The selection of alloy for the cups will have an cffect 
on the type and extent of leakage. Alloys which may 
have fine internal shrinkage show a fine leakage. ‘The 
aluminum alloys 220 (10.0 Mg, remainder Al) or 214 
(3.8 Mg, remainder Al), and most of the magnesium 
alloys are of this type. When impregnating materials 
are being evaluated, one aluminum-magnesium alloy or 
one magnesium alloy is included in the tests. This is 
important because the fine leakage encountered is not 
common with other types of aluminum alloys. 


Pressure-Tight Alloys 

Che aluminum-silicon alloys, such as 43 (5.0 Si, re- 
mainder Al) and the aluminum-copper-silicon alloys, 
such as 355 (1.3 Cu, 5.0 Si, 0.5 Mg, remainder Al) are 
used for aluminum castings requiring pressure tight- 
ness. Because of their good casting characteristics, they 
are not susceptible to leakage except in local areas where 
feeding is inadequate. Test cups cast in these alloys, with 
the feeding restricted by elimination of the 114 in. top 
riser and with high pouring temperature, 1450 to 
1550 F, will show small areas of leaks. These leaks are 
comparable to those obtained in commercial castings 
with large differences in section thickness. The results 
of cup tests on these alloys are generally applicable to 
commercial castings in alloys except the aluminum- 
magnesium alloys. 

The pressure cups require no preparation for impreg- 
nation tests after the gates and risers have been re- 





IMPREGNATION OF ALUMINUM AND MAGNESIUM ( 


moved. Although the number of leaks may be increaseq 
by machining the cups, no change in the type o! leaks 
will result. The as-cast surface is usually satisfact 


impregnating Compounds 


Laboratory tests such as those described, as 2 
commercial use over long period of years, have estab 
lished a number of materials as satisfactory impreg. 
nating materials for leak-proofing aluminum and mag. 
nesium alloy castings. The following general classes of 





Fig. 4—Basket packed with castings to be lowered int 

tank of silicate solution. Solution is heated by st 

coils in bottom of tank. Tank in foreground is a: 
tank, likewise supplied with steam coils. 





Fig. 5—Large casting being treated by pressure met! 
Note rubber pads and covers clamped in p 


Fig. 6 —Two silicating tanks used for batch pressure 
silicating. Tank in background has self-sealing cover 
already in place while tank in foreground is ope 
Steam coils in bottom of tanks supply necessary heat {0 
maintaining silicate at desired temperature 
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Fig Battery of pressure testing machines. Castings 
are 1 in rubber faced jigs by hydraulic pistons while 


pressure is applied internally. 





compounds are considered satisfactory, depending 
upon the type of castings, type of leakage, and impreg- 
nating method used. 


Sodium silicate? 
Drying oils (tung oil, linseed oil)!? 
Phenolic resins 
Glycerol phthalate resins 
Styrene-drying oil mixtures? 
Styrene-monomeric resin mixtures*:*.5 
The materials are listed in order of their commercial 
ise as impregnants rather than in any order of prefer 
ence. Many of the oil and resin impregnants are de- 
d elsewhere (see references) and will not be de 
tailed here. The references describe several of the 
materials as indicated in the table of materials. Several 


general references are also given. 


*. 
vo 
Sodium Silicate Impregnation 
Considering all of the factors in processing equip 
ment required, procedures, cost and performance of 


impregnated castings, sodium silicate impregnation is 
probably the most generally accepted method for alu- 
minum castings and is widely used for magnesium 
castings. The fine leakage which results from micro- 
shrinkage in magnesium castings and fine leakage in 
some aluminum Castings may be impregnated more 
successfully with monomeric resin-styrene solutions. 

A careful selection of the sodium silicate must be 
made, since certain grades may contain harmful alkalies. 
\ ready mixed solution of the following composition 
having an SiO, to Na,O ratio of approximately 3.5 to | 
is recommended. 


hé 


Silica (SiO,) 27.0—29.0 Per Cent 
Sodium Oxide (Na.O) 8.0— 9.0 Per Cent 
( 


Fe,Oz) 
(CaO) 
Impurities (MgO) 2.0 Maximum 
(SOs) 
(NaCl) 
Water (HO) Balance 
Baume’ Gravity at 65 F 39°—4]1° 


For the treatment of castings with fine porosity it is 
necessary to dilute with water to 30° Baume’ (at 65 F) 
lor best results. 

Castings are immersed in a solution of sodium silicate 
at 150 to 200 F for a period of four or more hours. At 


the end of this time they are removed, washed in water, 
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and then either air dried at room temperature or baked 
at a temperature of 215 to 300 F. After the air drying 
or baking operation, castings are ready for testing 

One steel tank is required for the sodium silicate 
solution and another for the washing water. Both tanks 
should be provided with a means of heating, such as a 
steam coil at the bottom, to keep the contents at the 
required temperature. An open end air line in to the 
silicate should also be provided as a means of agitating 
the solution when it becomes too sluggish and to keep 
a sludge from forming on the bottom. A mono-rail hoist 
above the tanks will facilitate the handling of the cast 
ings from the silicate solution to the wash. 

Ihe silicate solution should be heated to 150 to 200 
F before the castings are placed in the tank. Small 
castings may be packed in steel wire baskets, such as 
shown in Fig. 4, in such a manner that the solution will 
drain out freely from each casting. The basket should 
be totally submerged in the silicate and left for a period 
of four or more hours, depending on the type and 
extent of the leakage. Large castings may be suspended 
in the solution without being placed in a basket 

Immediately after removal from the silicate tank, the 
castings should be drained and thoroughly washed in 
water, preferably at a temperature of 150 to 180 F 
Removal of excess silicate from the casting surfaces is 
desirable from the standpoint of appearance. 

The silicate may be dried at room temperature or 
baked at elevated temperatures. If air dried, the time 
required will be somewhat longer than when an ele 
vated temperature is employed. To facilitate produc 
tion, a short baking treatment is preferred after the 
castings have been air dried for approximately an hour 
Heat treated castings requiring a precipitation treat- 
ment at 300 to 350 F can often be baked at the same 
temperature as used for the precipitation treatment. 
Heat treated castings in which artificial aging is not 
desired may be baked satisfactorily at 215 F for one 
hour. For nonheat-treated castings a temperature of 
300 F for one hour is satisfactory. 


Pressure Silicating 


Large castings that cannot be conveniently immersed 
in a tank, and castings with wall thickness greater than 
4 in. can be satisfactorily treated by the pressure 
method. The openings in the castings are closed and 


Fig. 8— Leak testing an automobile cylinder head 

casting. Note jig providing means for clamping rubber 

pads over various openings. When assembled entire 
unit is immersed in water to detect leaks. 
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hot silicate introduced on the inside under pressure. 
After sufficient time, silicate is drained off, surface sili- 
cate removed by washing, and the casting allowed to dry. 

Special equipment is required for pressure silicating, 
including suitable jigs, clamps, plugs, and covers for 
sealing the various openings during silicating. For cir- 
cular Openings up to 3 in. in diameter, ordinary iron 


pipe plugs may be used. Soft rubber pads held in place 
by cover plates and clamps will serve to close circular 


and irregular openings larger than 3 in. in diameter. A 
source of air pressure, regulator valves and pressure 
gauges are necessary for controlling internal pressure. 

After all but one of the necessary plugs have been 
inserted, sodium silicate solution at a temperature of 
150 to 200 F is poured in until the chamber is full. The 
last plug, which also serves as an air connection, is put 
in place and a predetermined pressure applied. ‘Too 
great a pressure will, of course, burst the casting so it is 
necessary to maintain the pressure at a safe figure. As a 
rule a pressure of 30 psi is sufficient. 


Treatment Period Varies 


Ihe time of treatment depends upon the condition 
of the casting; as little as 5 min is sufficient in some cases 
and as much as 4 hr in otivers. During this time it is 
necessary to keep the silicate solution at a temperature 
of 150 to 200 F by means of some external heating 
method. Where all metal plugs have been used, the 
whole unit may be heated in a furnace. If rubber pads 
are used this method of heating is not satisfactory and 
it is necessary to direct jets of steam or gas torches on 
the casting surface. When applying heat, care must be 
taken that the internal pressure due to expanding sili- 
cate does not become too great. In some cases the exter- 
nal heating alone develops sufficient pressure without 
any air pressure being applied. Figure 5 shows a large 
casting set up for pressure silicating. 

Immediately after draining the silicate solution and 
removing the plugs and covers the casting should be 
washed thoroughly in water at 180 to 212 F and baked 
or air dried as outlined under the immersion method. 

Presence of air in the minute pores of a casting pre- 
vents satisfactory filling of these pores by the silicate 
solution, particularly when immersed at atmospheric 
pressure. Likewise, it is not always economical to treat 
small castings individually by the internal pressure 
methods. The batch pressure method combines the ad- 
vantages of both these methods and forms a very eff- 
cient process. With this latter method, a batch of cast- 
ings is immersed in the sodium silicate solution, and 
pressure applied to the surface of the solution. 


Batch Pressure Silicating (Immersion) 

A suitable tank for batch pressure silicating is shown 
in Fig. 6. These tanks are commercially supplied for 
rubber curing, artificial aging, impregnating, and proc- 
essing. The flanged covers are sealed by a self-closing 
rubber gasket after being locked in place. The silicate 
solution in the tank may be heated by a steam coil, an 
external steam jacket, or electrical immersion heaters. 
A high pressure air line to supply the necessary pressure 
leads into the tank below the level of the solution, 
serving as the source of pressure and also as a means of 


agitating the solution. A pressure regulator in the air 
line and a pressure gauge in the head of the tank 
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Fig. 9—Leak testing a large silicate treated casting. Soap 
solution is painted on surface to aid in detectin; 


provide a means of controlling the internal p: 
applied. An open steel washing tank equipped wit! 
means for heating is also required for the purpose o| / 
washing the castings after silicating. 

The castings for silicating may be packed in steel wi 
baskets and immersed in the silicate solution at 150 | 
200 F. The tank cover is immediately placed in positior 
and internal air pressure applied. The castings should 
be held in this solution for 2 to 6 hr under 50 to 100 ps 
pressure. The time and pressure elements are governed 
wholly by the condition of the castings with respect t 
leaks. The usual run of foundry castings may be satis 
factorily impregnated over a 6-hr run at 50 Ib pressure | 
It has been found that the use of a dilute sodium sil ‘% 
cate solution (30 Baume’ at 65 F), previously described 
is required with this method of silicating. ‘The finer 
porosity requires more dilute solutions. 


After treatment the castings are removed and thor se 


oughly washed in water, prefcrably at 150 to 180 F. The a 
castings may then be air dried or baked at 215 to 350 I oe 
in the same manner as described under “Immersio! ¥ 
Silicating.” eat 
Maintenance of Silicating Equipment ; 
Sodium silicate solutions are extremely hard when air ne 
dried or baked and if allowed to accumulate in a! pt 
quantities, either inside or outside of the silicating 1 
room, may be extremely difficult to remove. For this ail 
reason it is advisable to keep everything washed wel aie 
with hot water and avoid any necessity for cleaning uy a 
when the solution has hardened. aan 
Unless watched carefully and agitated each day, 4 with 
sludge deposit will collect on the bottom of the silicaté imp 
tank and in time solidify about the steam coils or other for ¢ 
heating elements. To remove this deposit al! loos emp 
material should first be removed and the solid material as 9; 
removed with hammers and light crow-bars. duri 
The washing tank requires a change of water ! iectis 
quently. Failure to do this will result in an undesirab! ger 
film of silicate remaining on the surface of the castings 
after washing. 
Styrene-Resin Impregnation tit 
Resins used in styrene-resin impregnants are usual) oo 
made from glycerine, phthalic anhydride, and !att) ment 
acids, although the exact composition is not reve: led by Pp 
the manufacturers. Although monomeric styrene § - 
al 


reactive, it is stabilized with guaiacol by the manula 
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ier for long periods of time. The mixture of the two 
7 sreactive but stable enough for normal cycles, provided 
serve supplies are not stored for long periods of time. 
\ temperature below 70 F is recommended to avoid 
eaction during use. 

Usually 25 to 40 per cent base resin in styrene is 

recommended for aluminum and magnesium castings. 
i \ viscosity of 10 to 25 centipoises should be maintained 
luring use. 
1, The direct pressure method or the batch pressure 
' method may be used to impregnate with styrene-resin 
mixture. The impregnation is carried out in the same 
way as when silicate is used except that no heating is 
ermitted. After impregnation the castings are cleaned 
y, a with kerosene or a stabilized alkaline cleaner. The 
impregnant is then cured or polymerized by baking 
for 2 hr at 275 F. An additional 2 hr at 325 F may be 
employed when maximum resistance to solvents, such 
as gasoline, is required. Surface exudation may occur 
uring baking at atmospheric pressure. If this is ob- 
jectionable, baking under 90 Ib carbon dioxide, nitro 
gen, or air pressure will minimize exudation. 


Vacuum-Pressure Method 


the batch pressure method is not completely effec- 

tive in sealing leakage and if the direct pressure method 
ally is not feasible, the vacuum-pressure method is recom- 
att mended for styrene-resin impregnation. The parts are 
1 br placed in a large sealed tank and vacuum of 28 in. is 
e is btained and held for 15 min. The vacuum is then 
fac llowed to draw the impregnant into the tank, cover- 
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ing the parts. ‘The vacuum is then released and a 
pressure of 50 to 90 psi is then applied for 15 to 30 min. 
lhe parts are then removed, washed, and baked. 


impregnation and Other Treatments 

Cleaning, anodizing, painting, heat treating pro- 
cedures may have some effect on impregnation or vice 
versa. Since both aluminum and magnesium castings 
are usually impregnated by the foundry before finish- 
ing, the effect of impregnation on protective coating 
treatments for aluminum and AMC chemical treat 
ments on magnesium alloys should be considered. 

Films of impregnant remaining on the surlaces ol 
castings will interfere with the formation of unilorm, 
continuous protective coatings. For this reason it is 
important that the castings be cleaned thoroughly after 
impregnation. If this is done, no interference should 
occur. Castings which are properly cleaned should 
show no visual evidence of impregnation. The pro- 
tective coating treatments may tend to open up addi- 
tional leakage which was not apparent before the treat- 
ment because most such treatments break the surface 
skin on the casting. 

In some cases, it may be necessary to re-impregnate 
after applying the protective coating treatment. This 
may be done when Alumilite* treatments are applied 
to aluminum alloy castings or when AMC treatment A 
is applied to magnesium alloy castings. Impregnation 
with sodium silicate should not be applied to aluminum 
alloy castings after application of Alrok* coating be 
cause the impregnating solution destroys the coating. 

If a large amount of additional leakage results from 
the application of one of these treatments, it may be 
avoided by giving the castings a light etch prior to 
impregnation. A slight amount of etching will open 
the leakage which is closed by a small amount of 
surface metal and permit penetration of the impreg- 
nant. Aluminum alloy castings may be etched in dilute 
sodium hydroxide solutions. Magnesium castings may 
be etched lightly in a solution containing eight parts 
of concentrated nitric acid, two parts of concentrated 
sulfuric acid, and 90 parts water at room temperature. 
Thorough washing is necessary after these etching 
treatments. 


Effect of Baking Process 

The baking or setting step during the process of 
impregnation may have an effect on the mechanical 
properties of both magnesium and aluminum alloy 
castings. Since the effect of heating cycles may be 
cumulative, care must be exercised in the selection of 
the baking process. In general, solution heat treated 
castings are most sensitive to the effects of reheating. 

In the case of aluminum alloy castings, a maximum 
baking temperature of two hours at 250 F will not 
substantially affect the properties of solution-heat 
treated and quenched castings. Although the effect of 
the baking of impregnants will have a smaller effect 
on the properties of artificially-aged aluminum alloy 
castings, the additional aging during the baking should 
be taken into account. 

It is often possible to combine the artificial aging 
and sodium silicate baking of aluminum alloy castings. 





*Patented process owned by Aluminum Company of America. 
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This procedure avoids any change in mechanical prop- 
erties and provides a more economical treatment. The 
mechanical properties of solution-heat-treated magne- 
sium alloy castings will not be alfected by baking within 
a range ol 6 hr at 275 F to one hour at 350 F. In general, 
as-cast and solution-heat-treated and artificially-aged 
magnesium alloy castings may be reheated to a maxi- 
mum of 400 F without affecting the properties. 
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DISCUSSION 


Chairman: R. E. Warp, Eclipse-Pioneer Div., Bendix Aviation 
Corp., Teterboro, N.]J. 
Co-Chairman: W. Maver, Oberdorfer Foundries, Syracuse, N.Y. 


CHaAtRMAN Maper: Impregnation of aluminum and magne- 
sium castings is a relatively common procedure due to their 
tendency towards micro-shrinkage and micro-porosity because of 
their low specific gravity. It is a recognized procedure to reduce 
leakage of castings in these light alloys. Impregnation should not 
be considered a salvage operation. Many people have gotten into 
trouble trying to salvage castings with shrinks and other defects 
in them. 

Impregnation is a costly operation involving much material 
handling and investment in expensive autoclaves. In Mr. Black- 
mun’s paper he says, “The usual pressures are emploved for testing 
range from 10 to 40 psi. Occasionally pressures as high as 90 psi 
have been applied but experience has shown the lower pressures 
are as effective as the higher pressures.” We make aluminum Cast- 
ings that must withstand pressures of 700 to 800 psi in service. 
These castings should be pressure tested at the pressure they are 
supposed to withstand in service and not at some lower pressure. 

The author states that sodium silicate is a commonly accepted 
impregnant. There are other possible impregnants but sodium 
silicate performs satisfactorily. It is economical and could be used 
to good advantage. 

Another use for impregnants is as a coating against corrosion. 
Sometimes it is hard to aluminize or anodize a casting, particularly 
with internal cavities, and such plastic impregnants as styrene, 
could be used to withstand corrosion and cavitation and certain 
other conditions. 

Memner: I would like to ask if the sodium silicate referred 
to is commercially pure sodium silicate or some mixture commonly 
sold on the market? There are two or three different brands of 
mixtures that contain sodium silicate. 

Mr. BLACKMUN: The solution we used is a readv-mixed solu- 
tion having a silica to sodium oxide ratio of approximately 314 to 
1. The reasons for the high silica ratio are fairly obvious, as you 
do not want a highly alkaline sodium silicate solution. You may 
get into difficulties with some actual etching or chemical attack on 
aluminum casting if a low silica ratio solution is used. The actual 
composition of this ready-mixed solution is 27 to 29 per cent 


impregnate a casting that is going to be used at a lower pre 
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silica, 8 to 9 per cent sodium oxide, and small amounts « 
oxides of iron and calcium, magnesium sulphate, and 
chloride. The total of these impurities probably should ey 
ceed about 2 per cent. 

Water makes up the balance. This solution has a gra 
about 39 to 11° Baumé. We have found that this solution 
easy to obtam from a number of the chemical compan 
muke silicates. They seem to be willing to prepare this ¢ 
tion if they do net have the commercial product available 


Mexner: What is the nature of the leaks you have the 
castings? 

Mr. Brackwtun: Generally leakage in aluminum or magne 
sium alloy castings is due to shrinkage. Shrinkage porosity, \ hic 


is interconnected sufficiently to permit the passage of air or soly 
tion through the wall of the casting is the primary cause of leak 


ages. I do not believe basically there is any other defect that yoy 
can directly connect with leakage, except possibly dross or oxic, 


films. 


Memper: How effective is impregnation when you have dros 


or oxide? 

Mr. BLAcKMUN: Impregnation methods are not too reliah\ 
when leakage occurs through oxide films. That is, there seems ; 
be a great deal of variation in the behavior of leakage throug! 
oxide films or leakage associated with oxide films. We are jp 
clined to avoid impregnation of that tvpe leakage. Before you eve; 
get to an impregnation step you find quite erratic behavior fron 
the standpoint of pressure testing when the leakage is associate 
with dross or oxide films. 

CHAIRMAN Maper: Oxide skins or dross inclusions cause fis 
sures in the casting. Heat may cause expansion or contractior 
and will open up these fissures and you will have leakage eve 
after impregnation. I think it should be a standard practice wher 
you have x-ray facilities to see what the defect is before you in 
pregnate the castings. Often it is possible that you may impreg 
nate the castings and still lose them because the defect is dross 
You will have trouble later on, especially if you machine the cast 
ing in the area where the leakage occurs. 

M. H. Goutp*: Styrene resin is often baked 2 hr. at 325° F 


What would happen to this material in the case of service that 


involved temperatures of around 300° F.? Would a styrene resi: 
stand up under these conditions or would it eventually break 
down? 

Mr. BLACKMUN: You reach complete polymerization of tha 


type of material in about 2 hr. at 350° F. From its nature I would 


expect that continuous exposure at temperatures of that order 
would probably tend to make it become somewhat brittle. | d 
not know that that involves any complications in service, howe 


unless the leak through the casting is so large that perhaps it gets 


so brittle that it will break up. Leakage after impregnatior 
might develop later on. 

CHAIRMAN MAperR: Styrene impregnants can polymerize ai 
lower temperatures and in fact with added catalyst may polymeriz 
even at room temperature. That is one of the things you must 
watch out for. If you let the impregnant stand around it may 
thicken up and eventually you will have a mass of solid impreg 
nant. 

J. J. Brown ?: Is there any pressure range beyond which im 
pregnation is effective or is it effective at all pressures? 


Mr. BLackMuN: I do not believe that the pressure range is 


the important factor. The nature of the leak and type of defect 
which causes the leak are more important from that standpoint 
I see no reason to believe that an impregnation of a casting would 
have any greater tendency to break down at high pressure than 
it would at low pressure. If the walls of the casting are such thal 
you get some deformation under high pressure, however, you 
might break open some leakage in service or in pressure testing 
I do not believe that pressure considerations are necessarily tec 
in with the impregnating material. 

Mr. Brown: In other words, if you had a casting which ha 
to maintain 800 pounds and you get a leakage, the impregnation 
would be just as effective as though it only had to maintain 
pounds, is that right? 

Mr. BLAcKMuN: I think that is true. At the same time, it 
also true that it is more difficult to impregnate severe leakage i" 
a casting that is going to be used at that higher pressure (han ' 


1 Aluminum Co. of America, Fairfield, Conn. 
2 Edw. S. Christiansen Co., Chicago. 
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RADIOGRAPHY OF GUN METAL CASTINGS 


William H. Baer 
Non-Ferrous Section 
Naval Research Laboratory 


Washington, D.C. 


IN RECENT YEARS much attention has been de- 
yoted to the radiography of steel and aluminum cast- 
ings while little progress has been reported on the 
radiography of bronze castings. The radiographic 
standards for steel and aluminum castings have not only 
contributed to increased salety, higher quality and 
fewer rejects, but have also caused the respective found- 
ries to learn more about the foundry practice by which 
high quality may be secured. 

The radiography of bronze castings has been neg- 
lected, probably, because a large proportion of bronze 
castings require a pressure test. The pressure test, how- 
ever, may be very deceiving as to the true quality of the 
metal. It yields no information concerning the metal 
below the thin skin of the casting which may be re- 
moved by abrasion, corrosion, machining or drilling. 

The pressure test is limited in pressure and time of 
application. There is no provision for sudden over- 
loads caused by water-hammer or the slow, continued 
penetration of corroding solutions in service. It is not 
surprising that many castings which pass rigid inspec- 
tion tests still fail by leakage after only two or three 
years in service. 

For these reasons there is a definite need to supple- 
ment the pressure test with a more discriminating 
method of testing. The fact that a casting leaks should 
be supplemented by knowledge of the cause of the 
leakage. Knowing this, the foundry engineer may make 
appropriate changes in melting, molding or casting 
practice in the particular foundry. 

The Navy recognized the importance of radiography 


Fig. 1 (below) —Casting plan of plate. Fig. 2 (right) — 
Radiograph section (center portion) taken from radio- 
graph of entire plate. Casting made as shown in Fig. 1. 











| 
0 eS | | 0 | | | | 


























a 





of steel castings in 1942 when the “Radiographic Stand- 
ards for Stecl Castings” were released by the Navy De- 
partment.' These standards have becn of great war- 
time value to industry in general as well as to the com- 
panics working specifically on naval construction. 
Once the inspector has a clear mental picture of the 
standards, it is necessary only occasionally for him to 
refresh his memory. 

Radiographic standards for aluminum casting were 
developed shortly after the steel standards. This work 
was done largely by the Army Air Corps.? These stand- 
ards have proven beneficial to users as well as manulac- 
turers of aluminum castings. The user is assured of 


























castings of good mechanical properties and the manu- 
facturer, when he has pointed out to him specific types 
of defects, may more readily correct that part of his 
foundry practice shown to be at fault. The net effect ot 
radiographic standards has been an increase in pro- 
duction of castings of good quality. 

It is now time for the bronze foundries to recognize 
the advantage of radiographic inspection, if not for all 
castings, at least for selected castings and pilot castings. 
Several large manufacturing companies producing 
bronze castings have set up company standards for their 
own use. In general these standards consist of typical 
radiographs of castings, more or less arbitrarily desig- 
nated as to quality on the basis of the radiographs. 
The standards usually have three very broad classifica- 
tions. These classifications are: satisfactory, borderline 
and unsatisfactory. 

The various company standards suffer from the com- 
mon fault of being based on such a variety of sizes and 
shapes of specific castings that the radiographic stand- 
ards find limited use outside the particular fields of op- 
eration of the respective companies. At the present 


Fig. 3—Shetch showing dimensions of plate u 
versed horn gate. Fig. 4—Spongy shrinkage; no } 
Unless otherwise stated, all plates cast horizonta 
Fig. 5A—Spongy shrinkage. Riser 4 in. diameter a 
in. high in center of plate. Fig. 5B—Spongy shrin 
Riser 3 in. diameter and 4 in. high in center of plate 














time variations exist in the definitions of the term 
“satisfactory” and “unsatisfactory” in the various sp 
fications of quality of bronze castings. 

The purpose of the present work is to identily vari 
ous typical defects in gun metal by means ol radi 
graphs. More than one hundred gun metal plates 8 x 6) 
1 in. of nominal composition 88 per cent copper, 8 per 
cent tin and 4 per cent zinc were cast under carelull) 
controlled conditions so as to produce the defects. Com 
plete records of the melting and molding practice we! 
kept to facilitate the reproduction of the defects wher 
required. The defects included distributed shrinkag 
hot tears, sand and slag inclusions and gas porosit) 

No attempt was made in the present investigation | 
evaluate the seriousness of the defects or to place t! 
in a scale of merit. The investigation was confined \ 
the correlation of defects with foundry practice leaving 
for future work pressure testing of plates, micro-radi0 
graphs, fracturing and other destructive tests. 








Experimental Procedure 

The bronze was melted either in a lift coil inductio! 
furnace or in a gas fired furnace. The materials ust 
consisted of Grade A copper, Straits tin and H: 
zinc. Clay-graphite crucibles were used for al! heats 
The copper was melted down under a light chiarcot 
cover and when molten, the tin was added followed ° 
the zinc. When the temperature of the melt w 150¢ 
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‘ig. 7—Radiograph showing 
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9 F), two ounces of phosphor-copper per 100 
added. The crucible was then removed from 
nace, the charcoal skimmed [from the melt and 
stings poured at 1150 C (2100 F). 

sand used for making most of the molds was 
N \lbany, faced with a dry graphite wash. Some 


of molds, especially those made to produce tears, 
were made with a synthetic sand because of its greater 
st! h. 

radiographs were taken with 220 kv and ten 
milliamperes with an exposure time of five minutes and 
a: target-to-film distance. A lead filter 0.03 in. in 
thickness was used at the source and lead intensilying 
screens 0.005 in. in thickness were placed on both sides 
of film. Eastman type F x-ray film was selected on 
account of its widespread use and fine grain size. The 


density of the radiograph was kept as close to 1.25 as 
possible; a stepped penctrameter of gun metal of 2, 4 
and 6 per cent sensitivity was used. 

Radiographically Sound Bronze—Preliminary In- 
est.gation—Although flat plates of gun metal may be 
dificult to feed, there are several methods by which 
plates of good quality may be cast either horizontally 
or vertically. If good directional solidification is pro- 
vided by the use of chills, padding or insulation, good 
esults will be obtained. A method of casting a plate 
in a vertical position in the mold is shown in Fig. 1. 
[he size of the pencil gates is such that little splashing 
ind a minimum of turbulence takes place. At the same 
time the pencil gates are of sufficient size that feeding 
is permitted at the proper time. 

[he chills along the edges of a plate of this size are 
essential in promoting directional solidification. Al- 
though the dimensions of this plate (8 x 14x 1 in.) are 
onsiderably larger than the dimensions of the plate 
$x 6x 1 in.) used in the major portion of the investi- 
gation, it is seen in Fig. 2 that larger size has not proved 

irimental to the production of a sound casting be- 
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g. 6—Sketch showing dimen- 
ns and location of chills in 
the vertically-cast test plate. 


har 


y shrinkage concentrated 
ncenter of plate, due to chills. 


ig. 5—Interconnecting “lacy” 
irinkage; the plate was cast 
vertically; no riser employed. 


cause the principles of good directional solidification 
could be followed. 

Defects in Bronze Castings. In common with other 
alloys having wide solidification ranges, tin bronze is 
subject to spongy shrinkage when it is not adequately 
fed. In order to produce conditions favorable lor this 
defect a bronze plate was cast as shown in Fig. 3 with 
the reversed horn gate entering at the center of the 
plate. The severity of the delect was controlled by 
placing risers of various sizes just above the gate. 


Riser Factor in Shrinkage 


Figures 4 and 5a show that the riser often may be 
an important lactor in determining the extent of the 
shrinkage. In fact, with no riser whatever this plate 
has a uniformly distributed shrinkage. As shown in 
Fig. 5b, the riser may cause the shrinkage to become 
more concentrated. 

The weak skin strength of the bronze gave some dil- 
ficulty in artificially producing the concentrated type 
of spongy shrinkage. In castings made in a horizontal 
position in the mold, the surface of the casting had a 
tendency to be caved in by atmospheric pressure over 
the positions in the plate where the shrinkage was in- 
tended to occur. 

This difficulty was not so serious when the plate was 
cast vertically as shown in Fig. 6. With no risers and 
chills one-eighth inch in thickness placed along the 
edges, the plate was made to solidify without the bene- 
fit of proper directional solidification. The skin of the 
casting did not cave inward under atmospheric pres- 
sure in spite of the concentrated type of spongy shrink- 
age at the center of the plate, Fig. 7, the last portion of 
the casting to solidify. The chills had a strong influence 
in causing the shrinkage to be concentrated. 

The casting, made exactly the same as in Fig. 6 ex- 
cept for the omission of the chills, had “lacy” and in- 


terconnecting shrinkage which appeared to follow the 
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Fig. 9—Sketch showing 
plate dimensions, riser 
and core sand strainer. 


Fig. 10—Radiograph 
showing piping shrink; 
vertically-cast plate. 
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Fig. 11—Cross-sectional sketch of the hot-tear test cast 
ing showing chills, steel rods and dimensions. 


Fig. 12—Photograph showing the hot-tear test casting 
with the risers and steel reinforcing rods in position. 
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outline of the grain boundaries as shown in Fig. § 
This is one of the worst types of shrinkage from 
standpoint of pressure tightness. 

A special form of concentrated shrinkage, often ass 
ciated with ingates of improper dimensions, is ca 
“piping” shrinkage. As shown in Fig. 10, the chan 
between the dendrites of the casting have a charact 


istic tuberous appearance. 


Bronze Gates 

This failure is by no means restricted to the pen 
gates which were selected to illustrate this typ 
failure. Whenever bronze is gated directly into 1 
casting, such as in Fig. 9, rather than into the riser 
there is danger from “piping” shrinkage. 

The form taken by various defects is greatly in- 
fluenced, not only by the positions of the gates and 
risers, but by the contraction of the solidified cast- 
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| the resistance offered by the mold to this con- 

tva ». When the mold hot strength is too high, the 
will be pulled apart by its own internal stresses 

solidification. 

id reamlorced with steel rods was made as shown 
11 in order to produce hot tears in the gun 


in 

mit plates. The crack was made to occur in the 
centcr ol the plate by keeping this portion of the cast- 
ing at elevated temperature (in the hot short range) 
whic the remainder of the casting was rapidly cool- 


ing to a lower temperature. The gates at the center ot 
the casting also served as risers, thus promoting the 
{ d gradient of temperature. The severity of the 


des 
he ar was strongly influenced by the length of the 
okes between the flanges. Considerable difficulty was 
ncountered in preventing distributed shrinkage occur- 
ring adjacent to the hot tear. The hot tears shown in 
Figs. 12, 13 and 14 are transverse to applied stress. 


Gas in Bronze 

Most of the preceding heats were melted under 
identical conditions. The detects, therclore, may be re- 
latcd directly to gating, risering and molding practice. 
Quite a diflerent situation exists when the metal is 
Sup rsaturated with gases which have been dissolved 
during the melting process. The radiograph in Fig. 
15 presents the mottled appearance which is character- 
istic of bronzes which have distributed gas porosity. 
This particular metal was produced in a gas fired fur- 
nace with a reducing atmosphere (no cover or flux) 
and way not deoxidized with phosphor copper belore 
the pouring of the casting. 

lo produce gas porosity artificially, it is necessary 
to add a suitable combination of reactive compounds 
tothe metal or mold. Such compounds include the tol- 
lowing: copper oxide, hydrides of low temperature of 
decomposition, hydrocarbons such as linseed oil and 


excessive moisture. ‘The finely distributed gas porosity 
shown in Fig. 16 was caused by five grams ol calcium 
hydride sprinkled on the bottom of the mold. Best 
results were obtained when a steel plate jyx6x8 in. 
was placed on the bottom of the mold to prevent the 
hydrogen trom escaping. 

Quite dillcrent Lrom the various types of shrinkage 
and gas porusity which are somewhat dependent on 
the characterisucs of the metal, are the inclusions pro- 
duced by sand being washed trom the mold. ‘1 hese 
inclusions present a similar appearance in all metals, 
being olf identical material and of common origin. 
Figure 17 is an example ol sand inclusions. A closely 
associated type ol inclusion ts seen in Fig. 18 which il- 
lustrates dross inclusions. In both imstances about 
equal quanuties ol sand or dioss were admitted to the 
mold by addition of the materials to the stream ot 
molten metal. Castings with imadequate gating sys- 
tems and lew risers are likely to have these sand and 
dross inclusion delects. 


Shrinkage Factors 

The results of the shrinkage study show that the 
extent and type ol the shrinkage depends on the gat- 
ing, rising and chilling of the casung. Opumum 
height and diameter of risers are necessary lor sound 
plates. Concentrated shrinkage in bronze ts produced 
when the risers are too small in diameter and too high 
which causes them to freeze first and withdraw metal 
from the casting. Concentrated shrinkage also occurs 
when chills are placed along the narrow edges of the 
plate. Without cither chills or risers the shrinkage 
tends to be dispersed. 


Fig. 13—Dispersed spongy shrinkage with severe hot 
tear. Fig. 14—Hot tear with shrinkage at a minimum. 
Fig. 15—Gas porosity combined with spongy shrinkage. 








Fig. 16—Gas porosity with some shrinkage. Fig. 17— 
Sand inclusions shown in this radiograph. Fig. 18— 
Dross inclusions in vertically-cast plate; no riser used. 


It is believed that the control of the shrinkage is al- 
so closely related to melting practice. Optimum dimen- 
sions ol risers, even for the same plate could conceivably 
be much diflerent if the plate were melted or poured 
with other procedures. 

Hot tcars occur less frequently in bronze castings of 
small size and considerable dilhculty was encountered 
belore the plate finally was torn apart. An idea of the 
siresses in the casting may be gained from the fact that 
the steel bars shown in Fig. 11 were frequently bent 
with deflections of 4 in. at the center, especially when 
the casting did not tear. This makes it easy to under- 
stand why the collapsibility of cores is so important in 
the production of sound castings. 

Gas porosity was produced (1) by poor melting prac- 
tice, (2) by additions to the melt which produce the 
same dissolved gases as bad melting practice and (3) 
by additions of materials to the mold cavity which give 
off the same gases as many molding materials. The 
gas porosity was shown to increase when a ;/; in. thick 
stecl plate was placed on the bottom ol the mold cav- 
ity. Low permeability of sand evidently increases the 
dangcr [rom gassy metal. 

It is very evident that these experiments, while serv- 
ing the purpose of producing radiographs, also point 
out many reasons why the effects of gas contamination 
may be so difhcult to correct in the foundry: the melt- 
ing, molding or the use of mold washes under some con- 
ditions may be the responsible factor. 


Summary and Conclusions 
Defects in bronze castings may be reproduced arti- 
ficially in controlled amounts provided the foundry 


Published by permission of the Navy Department. The state 





practice is carefully and thoroughly controlled. 

The defects observed in radiographs of bronze cast 
ings are directly related to the foundry practice. This 
has been shown by correlations of the observed clefects 
with melting and molding practice on more than |( 
bronze plates. Only a few of the common, representa 
tive defects have been included in this discussion. In 
cluded among these common defects are distributed 
shrinkage, hot tears, sand and slag inclusions and gas 
porosity. Complete records of melting and molding 
practice were kept to facilitate correlation of de! 
with foundry practice. 

Characteristic differences have been observed be 
tween gas porosity and distributed shrinkage. ‘Ihe gas 
porosity as exemplificd by Fig. 15 tends to be evenly 
distributed and causes a hazy, indefinite appearance 
as if the film had been partially logged before it had 
been usec. This is considerably different from distrib 
uted shrinkage which, although spread over the cen 
tral region of the plate, still has limits beyond which it 
does not occur to any great extent. 

Defects such as gas porosity, shrinkage, blowholes 
tears and clross often are difficult to recognize becaus 
they may not occur alone or in great quantity. 
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DISCUSSION 


H. M. St. Joun, Crane Co., Chicago. 
man: A. K. Hiccins, Allis-Chalmers Mfg. Co., Mil 


LTON:1 The author is to be congratulated on present 
description of the radiographic method. We might 
on to the limitations of the method. Some years ago 
working with radiographic methods. This general dis 
osity, or incipient shrinkage is microscopic. You can 
wo cast plates where the cross-sections are uniform 
comparisons of one radiographic film with another 
good idea of the relative degree of porosity. You 
s is shown in the radiographs in the paper, a dark 
the center in your shadowgraph. On the other hand, 
type of porosity, the moment you get into variant 
you have light film areas due to the sections themselves 
its a decided limit on the practical application of 
phy to the examination of castings 
case of gross discontinuities, such as localized shrinkages 
sized cracks or large inclusions, there is a good possi 


r photography and everything is timed just so, you 


using radiographic methods successfully. 

osed to the radiographic approach for many castings 
cially small castings weighing only a few pounds apiece, 
r method of attack by sectioning and deep etching 
e is much more sensitive. Any porosity or porous area 
more rapidly attacked by acid and you get, in effect 
fication of the effect; that is, it is made much more 
t 
eve the author will agree with these statements of limita- 
cause the method as a whole has very much to com- 


Frear:2 Commenting on Mr. Bolton’s remarks, we cannot 
radiography to show all of the defects in bronze castings. 


ive to remember in making a radiograph that the best 


ity obtainable under normal X-ray work is approximately 
cent, which means that with a l-in. wall thickness, any 
ve find would have to be at least 0.015 in. in size. Any 


smaller than that, which most of our interdendritic 


ge is, would not show as a separate defect. Therefore, 


4 


st of our interdendritic shrinkage will show only as a shadow 


han as separate defects. 


he use of radiography for bronze castings, we would like 


it, but we do not know exactly how to interpret the 
simply because the X-ray does not show all of the 
I agree with Mr. Bolton that the sectioning often is 
method of inspection for non-ferrous castings. I prefer 
ng rather than cutting to identify the internal defects 


hope some day to tie our radiographic work with the actual 
hysical properties of castings. One of the biggest opportunities 
the use of radiography in my opinion is in the matter of 
pregnation. When we started permitting impregnation of 


os 


I know of two cases, at least, where as soon as we 


theimer Corp., Cincinnati. 
au of Ships, Washington, D. C. 
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authorized this impregnation the foundry started making cast 
ings to be impregnated. We can impregnate a casting but we 
do not know from looking at the surface of that casting whether 
we have a rather massive type ot shrinkage or very fine inter 
dendritic shrinkage. I have seen cases of very fine interdendriti 
shrinkage which was not hurting the casting at all but that 
would not be permitted to be impregnated because of excessive 
leakage. On the other hand, I have seen castings that would 
stand very high pressures but when you broke them open 
looked like a piece of rotten wood on the inside. I believe that 
radiographic examination is one method of finding whether the 
casting itself has the necessary strength to withstand the loads 
\ casting which is tested hydrostatically, perhaps will stand 
the hydrostatic load, but if you put the pressure on it often 
enough, it may break through. The skin is the only thing 
holding it 

Mr. BoLton: Those points are certainly well taken and I am 
entirely in agreement with them. I was merely trying to point 
out that this has to be supplemented with other things in order 
to get the whole story 

In the case of test bars, there is a chance for evaluation of 
strength in test bars, and with castings, with carefully standard 
ized radiography, the density of your film can be tied in with 
that. We have not done it but have seen the possibilities of it 

Mr. Barr: This is only about one-fifth of the actual work 
that we have done on this particular subject. As Mr. Frear 
suggested and as he knows, I have sectioned the castings, frac 
tured them, deep etched them and have gone so far as to pres 
sure test all of these castings. In the future I hope to be able 
to publish more information which will settle many of these 
questions. We have done all this work in order to get the com- 
plete story. The present paper is really just the beginning of a 
series of publications on interpretation of radiographs of bronze 
castings. 

N. A. KAnHN:5 I would like to ask Mr. Baer if he has made 
radium exposures of his plates in conjunction with X-ray 
exposures. Also, whether the charges in density on the film 
as a result of differences in section thickness of the casting might 
be confused with changes in density of the film as a result of 
radiographic defects. 

Mr. Baer: We did not make radium exposures of the plates 

J. F. Epnre:¢ I would like to ask Mr. Baer if there was any 
lead present in the gun metal he was using. Gun metal may 
contain lead up to one per cent and possibly Mr. Baer could 
tell us if it interferes with the accuracy of his work in radiogra- 
phy 

Mr. Baer: In practically all cases, there was no lead in the 
gun metal. It was lead-free by wet chemical methods of analysis 

Mr. Epnie: Do you have any idea what the upper limit is? 

Mr. Barr: There is no lead in gun metal. The Navy speci 
fications show about 0.3 per cent max. lead 

Mr. Epnie: Would you have 0.3 per cent in this alloy? 

Mr. Baer: We did not have 0.3 per cent of lead 


* New York Naval Shipyard, Brooklyn, N. Y 
* Duquesne Smelting Corp., Pittsburgh, Pa 








OCCURRENCE OF 


INTERGRANULAR FRACTURE IN CAST STEELS 


C. H. Lorig and A. R. Elsea 
Research Supervisor and Research Engineer 
Battelle Memorial Institute 
Columbus, Ohio 


ABSTRACT 

The causes of a peculiar smooth undulating fracture in test 
bars of some cast steel specimens were investigaled. The surfaces 
observed on the fracture surface were found to be the primary 
austenite grain boundaries established at the time of casting. 
The following causes of this peculiar intergranular fracture are 
advanced as the result of this investigation: 

1, Aluminum nitride precipitation at the primary grain 
boundaries. 

2. Ferrite precipitation as a network at the primary grain 
boundaries. 

3. Massive carbides in the primary grain boundaries. 

4. Extreme cases of Type Ul sulphide inclusions. 

5. Internal het tears. 

Steels in which a very fine precipitate of aluminum nitride 
was responsible for intergranular fracture became increasingly 
susceplible to the injurious effects of the precipitate as (1) the 
aluminum content was increased, (2) the nitrogen content was 
increased, and (3) the rate of cooling after casting was de- 
creascd, With a cooling rate of roughly 100° F per hr., precipi- 
tation was found to occur alt approximately 1500° F, and solu- 
tion of the precipitate was effected by reheating to temperatures 
of 2100° F and higher. 


FROM TIME TO TIME examples of intergranular 
fractures, characterized by smooth curved areas on 
the fractured surface, have been observed by manu- 
facturers of cast steel. Sometimes this peculiar frac- 
ture has been noted on specimens fractured alter hav- 
ing been heat treated. Examination of specimens ex- 
hibiting this peculiar fracture has indicated that the 
smooth curved areas represent primary austenite 
grain boundaries established as the casting cooled 
from solidification. For that reason, such fractures 
have been termed intergranular. 

The smooth undulating surfaces of such fractures 
may vary from very bright and shiny to very dull gray 
in appearance. ‘The significance of these variations in 
reflectivity is not understood, but it has been ob- 
served that, in general, the appearance of the tracture 
becomes more dull as the severity of the prior austen- 
itizing treatment is increased, 

Specimens broken as cast, generally, have the 
brightest intergranular fractures; those broken alter 
being quenched from 1600° F and drawn have inter- 
granular fractures somewhat less bright; and those 

Nore: This paper is based on work done for the Office of 


Scientific Research and Development under Contracts No. 
OEMsr-449, and No. OEMsr-450 with Battelle Memorial Institute. 


broken after being quenched from a higher tempera 
ture, or after having received both a normalizing 
treatment and a quench have intergranular fractures 
that are still less bright. 


Intergranular Fracture Defined 

It should be stressed that the term “intergranular 
fracture” refers to failure along what was once the 
primary austenite grain boundaries, regardless of 
whether the specimen was recrystallized before break- 
ing. Failure can likewise occur on secondary austen. 
ite grain boundaries when the precipitate causing the 
fracture is taken into solution by a high-temperature 
treatment and is then permitted to reprecipitate on 
cooling. In most cases, specimens are heat treated 
before breaking and metallographic evidence of th 
primary grain boundaries thus obliterated; neverth 
less, failure occurs not along the small secondary 
grain boundaries but along the relatively larg: 
mary grain boundaries. 

Recently Jolivet * observed the persistance of high 
temperature structural features in the fracture of cas 
steels, and suggested that the origin of the resultant 
fragility is related to the deposition of metallographi 
constituents, such as cementite or some nonmetallic 
phase of an indefinite nature. He further observec 
that the brittleness was commonly met in steels con 
taining alloying elements or those treated with alu 
minum. It disappeared upon recrystallization when 
associated with structural characteristics, but pe! 
sisted when caused by nonmetallic inclusions, the 
solubility and diffusibility of which are low at th 
temperature of treatment. 


Jolivet’s Observations 

He found that the latter could be eliminated som 
times by diffusion treatments at high temperatur 
The brittleness and the characteristics of the [ractu! 
were closely similar to those observed in overheating 
and burning of steel. 

It appears to be almost axiomatic that any 
tion which causes the primary grain boundary 4 
to possess mechanical properties that are d rem 
from the center portion of each grain may resull 
an intergranular type of fracture. Different examp!© 
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f intergranular fracture have been observed where 
the cause has been, in one case, the presence of a 
brittle constituent at the primary grain boundaries, 
ind in another case, the presence of a ductile but 
low-strength material at the primary grain boun- 
aries. 

lt also appears axiomatic that if an intergranular 
lracture is caused by the presence of a brittle con- 
stituent at the primary grain boundaries, the inter- 
granular character of the fracture may be either 
partly or wholly removed by introducing some ma- 
terial into the melt which causes embrittlement in 

body of the austenite grains. Here, however, 

hough the intergranular appearance of the fracture 
iy be eliminated, there is no actual improvement 
n the ductility of the material. 

The subject of intergranular fracture has previ- 
isly been reviewed by one of the authors.? 


Investigations to Reproduce Intergranular Fracture 


Examination of Steel Exhibiting Intergranular 
‘racture. The first steel examined which exhibited 
us crystalline fracture had been heat treated, and 
i€ primary austenite grains had thus been obscured 
‘0 the usual metallographic procedure; nevertheless, 
Ne contour of the fracture suggested that the failure 
«cured through regions that were originally the 
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primary austenite grain boundaries. The appearance 
l 
Ihe same steel was deep etched in a hot 38 pet 
cent HCI, 12 per cent H,SO, solution. Figure 2 
shows a network of hairline cracks that developed on 


of the fracture of this steel is illustrated in Fig 


~ 


the etched surface. The general appearance of the 
network also strongly suggests a close association be 
tween the hairline cracks and the original austenitic 
grain boundaries. It was later shown that a relation 
ship exists between the hairline cracks apparent after 
deep etching and the average amount of intergranu 
lar fracture found in the steel. It appears that the 
fracture must, however, be roughly 50 per cent inter 
granular before any evidence of hairline cracks be 
comes apparent on deep-etched specimens 

Caretul examination under the microscope of steels 
showing intergranular fracture reveals the presence 
of a chain of nonmetallic particles. These are illus 
trated in Fig. 3. The particles are extremely small in 
size and become apparent only at a magnification ol 
1000 diameters or more. The chain of particles was 
not observed to form so complete a network as the 
network formed by deep etching, probably because 
the particles become submicroscopic in size at intet 
vals, but the portions that could be observed seemed 
to take the same pattern as the hairline cracks de 
veloped on deep etching. 

The first steel examined contained more acid 
soluble aluminum than normally found in steels 
where aluminum is used simply for the purpose of 


Fig. 1 (left) —Intergranular-type fracture exhibited by 
cast steel specimen. X3. Fig. 2 (below) —Macroetched 


specimen from the same cast steel specimen photo 


graphed in Fig. 1 showing hair-line cracks at primary 
austenite grain boundaries. 
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Fig. 3—Three typical examples of the chain of non-metallic particles found in the cast steel specimen 
Unetched. 1500. 


deoxidation. The steel was also processed under con- 
ditions which lead one to believe that the steel might 
contain a higher than normal nitrogen content. 
These two elements were, therefore, suspected of 
playing a part in the formation of the intergranular 
fracture. Hydrogen was also suspected, principally 
because of hairline cracks developed Ly deep etching. 
With the foregoing information serving as a guide, 
experiments were undertaken to reproduce the inter- 
granular fracture and to analyze its cause. 
Preliminary Laboratory Experiments. The first 
steels made in the laboratory were prepared to ex- 
plore the effect which variations in nitrogen and 
aluminum contents had on the formation of inter- 
granular fracture. The steels were made in an induc- 
tion furnace, and all had the same base composition 
of 0.30 per cent carbon, 1.60 per cent manganese, 0.50 
per cent silicon, 0.50 per cent chromium, 0.35 per 


cent molybdenum, and 0.03 per cent maximum su 
phur and phosphorus. Nitrogen additions were ma 
by using high-nitrogen ferrochromium and calciu 
cyanamide. Prior to pouring each casting, an add 
tion of aluminum was made to the melt. 

Several castings were poured from each heat, a1 
each casting received a different deoxidation treat 
ment. Three or four splits were made for each heat 
the metal being cast into two types of double-k 
blocks, one having legs measuring approximately | 
x 114 x 15 in,; the other with legs measuring 
proximately 34 x 1 x 9 in. After they were ren 
from the block, the legs were heat treated by holding 
for 4 hr. at 1850° F, then air cooling, and reheating 
to 1600° F for 3 hr. and water quenching. They we! 
finally tempered for 1 hr. at 1100° F. The bars s 


heat treated were notched, broken, and the fractures 


rated according to the per cent that appeared inte! 








Table 1. 


Per CENT OF INTERGRANULAR FRACTURE OBTAINED 
IN STEELS OF VARYING NITROGEN CONTENT WITH 
INCREASED AMOUNTS OF ALUMINUM ADDED 


Heat No 9356 9357 9358 9359 


Per Cent N 
(Intended) 0.002 0.010 0.015 0.020 


Deoxidation: 
Al added—lIb./ton 


0 0 0 0 0 

I 0 0 0 0 

2 0 0 0 0 

8 0 0 0 12 

4 5 Trace 5 80 

5 5 20 10 90 

6 25 55 15 90 

8 60 95 60 90 
20 35 50 50 65 
28 0 15 40 Trace 








Table 2 


Izop VALUE FOR HEAT-TREATED SPECIMENS FROM 


STEELS OF INCREASING ALUMINUM CONTENT* 


Heat No. 9356 9357 9358 
Per Cent N 
(Intended) 0.002 0.008 0.015 0.02 
Al added—Ib./ton 
0 36.7 48.5 52.0 
l 34.2 41.7 31.7 
2 35.2 41.5 15.7 7 
3 37.0 40.0 41.7 7 
4 38.5 47.7 45.7 
5 34.0 40.5 41.5 Z 
6 32.0 35.5 36.7 
8 20.7 10.5 8.7 
20 P| 7.5 6.2 Z 
28 24.5 20.0 6.2 


*Izod values shown are the average of six tests 
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Low Low 
1 li Low Low 
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Low High 
j 114 Low High 
6 3 Low High 










High Low 
} 14 High Low 
: High Low 












High High 
! 114 High High 
3 High High 















Low Low 
% 114 Low Low 
Low 





Low 








Low High 
5 14 Low High 
5 Low High 










High Low 
3 14 High Low 
5 } High Low 






















Table 3. 





INTERGRANULAR FrRActuRE RATINGS FOR HiGu anp Low NITROGEN 
AND HypDROGEN-CONTENT STEELS 





yvranular Fracture 
( 1) 





Treatment) 


1s Cast 
(No Heat 
H 
I 
je 
en 
2400° F.-Furnac 
oled® 
F.-I 
1 
FA 
H 
I ( 









0 
0 0 Trace 
0 0 20 






0 0 0 
0 ft 0 
0 Trace 60 





0 0) 0 
0 0 5 15 0 0 0 
0 5 85 20 15 20 15 







0 0 0 
0 0 35 bal 10 0 0 
0 10 95 55 90 55 10) 






0 0 0 
0 15 Trace 
0 95 10 





0 0 0 
0 Trace Trace 
0 5 $5 





0 0 0 
0 a0 15 0 0 0 0 
0 100 0 20 Trace 5 I race 













| High High 0 0 0 
3 ll, High High 0 100 35 10 15 0 0 
: High High 0 100 50 10 90 30) 5 
heat treatment of these samples before breaking was 1600° F.—3 hr., water quench; 1100° F.—l hr., water quench 
-) ng numbered I, 38, and 5 were slowly cooled from 1500 F., as described in the text. Castings numbered 2, 4, and 6 were cooled in 
u mold 
W 








granular in nature. The extent of the intergranular 


ure for steels of different nitrogen content and 
variations in aluminum additions from 0 to 28 

per ton is illustrated in Table 1. 
\ very definite correlation was noted between the 
ent intergranular fracture and the amount of 
ninum added. Increasing amounts of aluminum 
sulted in increasing percentages of the intergranu- 
iar fracture up to about 8 lb. of aluminum per ton. 
When 20 Ib. of aluminum per ton was added, the 
int of the intergranular fracture was found to be 
most cases than was obtained with the 8-lb. 
ion. Additions of 28 lb. per ton caused a still 
pronounced decrease in the per cent inter- 

lar fracture. 

\ correlation between the per cent intergranular 
e and nitrogen content was also noted, al- 
zh it was by no means so clear cut as was the 
trelation with the aluminum addition. When the 
n content was high, the intergranular fracture 
| to appear in steels having low aluminum con- 






















tent. For a given aluminum content, the susceptibil 
ity to intergranular fracture increased with increasing 
nitrogen content. 

Results obtained from mechanical tests parallel 
very closely the results obtained by the fracture test. 
It was evident that the same condition which caused 
the intergranular fracture also was capable of causing 
a very sharp lowering in elongation, reduction of 
area, and impact values, though tensile and yield 
strength values were relatively unaffected. 

In some instances, where the intergranular fracture 
rating approached 100 per cent, the elongation and 
reduction of area of corresponding tensile tests fell 
almost to zero. Table 2 records the Izod values for 
the heat-treated specimens from steels of increasing 
aluminum content. The final hardness of the steels 
was adjusted by tempering to give values between 240 
and 260 Brinell. 

Steel cast in two sizes of keel blocks could not be 
compared satisfactorily, and this was cause for con 
siderable concern as to the reproducibility of results. 
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For example, 2 lb. of aluminum per ton resulted in 
a conspicuous amount of intergranular fracture in 
steels cast into the heavier blocks, while steels cast in 
the lighter blocks, in most cases, did not show any 
intergranular fracture when aluminum additions of 
less than 4 lb. per ton were used. 

Though it was not originally realized, later work 
established that cooling velocity after casting was a 
factor fully as important as either aluminum or nitro 
gen. The greater the cooling velocity, the less is the 
tendency for the intergranular constituent to form 
Consequently, direct comparison of the steels cast in 
the two sizes of blocks was not possible because of 
the difference in casting size and the corresponding 
difference in cooling velocity alter casting. 

Effect of Hydrogen. One of the things not an- 
swered satisfactorily by the first group of heats was 
the role that hydrogen might play in causing the in- 
tergranular fracture. While hydrogen had _ been 
added in the form of wet lime to two of the heats, no 
means of eliminating it from the other heats had 
been employed, and it might be argued that there 
was sufficient hydrogen present in all of the heats to 
exert some influence on the fracture. 


Detrimental Effects of Hydrogen 


Slow cooling from casting and from hot-rolling 
temperatures had been resorted to in commercial 
practice for years as a means for eliminating the det- 
rimental effects of hydrogen in steel. Consequently, a 
series of heats was planned in which one portion of 
each heat was to be slowly cooled from the casting 
temperature. The other portion of each heat was to 
be cooled in the mold and used for comparison. 

Four heats were made: one with as low a nitrogen 
and hydrogen content as possible, another with low 
hydrogen and high-nitrogen contents, another with 
high-hydrogen and low-nitrogen contents, and the 
fourth with both high-hydrogen and _ high-nitrogen 
contents. All four heats had the same analysis used 





Table 4. 


RESULTS OF FRACTURE TEST ON BARS FROM HEAT 
witH HicH NITROGEN CONTENT AND DEOXIDIZED 
witH 114 Ls. ALUMINUM PER TON 


Per Cent Average 
Intergranular Per Cent 
Casting quenched Fracture of Intergranular 

from approximately: * Each Break Fracture 
2200° F. 0, 0, 0 0 
1700° F. 0, 0, 0 0 
1500° F 55, 45, 60 53 
1300° F. 25, 15, 10 17 
1100° F, 10, 30, 35 25 
900° F, 30, 35, 40 35 


Castings cooled to room 
temperature in the furnace: 


Casting A 10, 5. 5 7 
Casting B 25, 25, 25 25 


* All specimens were heated to 1600° F.—3 hr., water quenched 
reheated to 1250° F.— 3 hr., and water quenched as a final 
treatment before fracturing. 
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previously, that is, 0.30 per cent carbon, 1.60 per 
manganese, 0.50 per cent silicon, 0.50 per cent ch 
ium, 0.35 per cent molybdenum, and 0.03 per 
maximum sulphur and phosphorus. To obtain 
nitrogen, high-nitrogen ferrochromium was use: 
the chromium addition. Hydrogen was bul 
through the melt for 5 min. before pouring to o 
a high hydrogen content. 

Each heat was split into six large doub! 


blocks similar to the keel blocks previously descri 
No aluminum was added to the first two keel b! 
poured from each heat, 114 lb. per ton was a 


to the third and fou: th blocks poured, and 3 |b 


ton was added to the filth and sixth blocks pou ' 
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OF We - 
C 2 4 6 8 10 12 14 16 18 20 22 24 26 28 
Cooling Rate in i00* F / Hour 
| 5—Cooling rate of wedge block at three tempera 
tures. Average of three tests. 
The first, third, and fifth castings from each heat 


re broken from the mold as soon as solid and 
transferred to a furnace operating at 1600° F. 

\ll of the castings were several hundred degrees 
hotter than the furnace when transferred. After suf- 
ficient time to permit equalization of the temperature 
within the furnace, the furnace control was set back 
to 1200° F and the furnace held for 15 hr. The fur- 
nace was then disconnected and the castings cooled in 
the furnace to approximately 150° F before being 
removed. Although the cooling rate used for these 
castings was not so slow as that frequently used com- 
mercially for cooling large sections, it should have 
been sufhiciently slow to assure relief from hydrogen 
stress in view of the rather small sections. 


Intergranular Fracture Ratings 


The intergranular fracture ratings of these heats 
ilter various heat treatments are shown in Table 3. 

[here was no evidence that stress, resulting from 
hydrogen, was influencing the fracture. On the con- 
trary, the castings that were slowly cooled to elimi- 
nate the effect of hydrogen consistently exhibited 
more of the intergranular fracture than did the more 
rapidly cooled castings. This suggested that some in- 
tergranular precipitate occurred at 1500° F or less. 

Effect of High-Temperature Homogenizing Treat- 
ment. In the as-cast condition, none of the specimens 
iad an intergranular type of fracture. Metallographic 
examination revealed that the entire series of castings 
con ained quite a quantity of free ferrite in the as- 
cast condition and that, when the as-cast specimens 
were fractured, fracture occurred through the ferrite 
rather than through any intergranular constituent. 
Thus, it became apparent that breaking specimens 
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in the as-cast condition does not provide a reliable 
index of the amount of intergranular constituent 
present. The fracture test becomes a useful tool in 
detecting the presence of the intergranular constitu 
ent only if the matrix is first put in the toughest pos 
sible state; that is, fully quenched and tempered. 
The slowly cooled castings were somewhat im 
proved by a 2300° F, 24-hr. homogenizing treatment, 
while the castings cooled in the mold were made 
worse by the same homogenizing treatment. The 
cooling rate after homogenizing at 2500° F is not 
accurately known, but was intermediate between the 
cooling rate of the two sets alte casting Furthe 
more, after homogenizing at 2300° F some bars ap 
peared to fracture at grain boundaries established 
during the homogenizing treatment. ‘This was in con 
trast to the relatively coarse primary grain-boundary 
fracture noted previously. ‘These two observations 
suggested that partial solution of the intergranular 
constituent was occurring at 2300° F and that partial 
reprecipitation occurred as the steel was slowly cooled 


from 2300° F. 


Heat Treatment of Samples 


It was reasoned that, if partial solution occurred at 
2300° F, 
higher temperature. Consequently, two identical sets 
One set 


more complete solution would occur at 


of samples were heated for 2 hrs. at 2400° F. 
was oil quenched and the other set was cooled in the 
furnace. Two other sets were treated similarly except 
that 2500° F was used rather than 2400° F. The re- 
sults were in agreement with the hypothesis suggested 
by the 2300° F homogenize. 

It should be noted from Table 3 that all of the 
samples containing 114 lb. of aluminum per ton were 
completely free from intergranular fracture when 
quenched from either 2400 or 2500° F. The samples 
containing 3 lb. of aluminum per ton still exhibited 
a small amount of the intergranular fracture, but the 
amount had decreased decidedly. 

Homogenizing at 2300° F was carried out in a dif 
ferent furnace from that used for homogenizing at 
2400 and 2500° F, and the cooling rate after the 
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Fig. 6—A chart to indicate approximate limits of nitro- 
gen and aluminum that may be tolerated in a base 
analysis containing 0.30 per cent C, 1.60 per cent Mn, 
0.50 per cent Si, 0.50 per cent Cr, and 0.35 per cent Mo 
without development of the intergranular type fracture. 
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2300° F homogenize was consequently considerably 


slower than the cooling rate after either the 2400 on 
2500° F homogenize. This apparently explains why 
there was a tendency for the specimens furnace cooled 
from 2300° F to contain more of the intergranular 
fracture than the specimens furnace cooled from 2400 
and 2500° F. 

Temperature of Precipitation. None of the fore- 
going tests had been designed to give information 
concerning the temperature at which the precipita- 
tion occurred. True, the castings slowly cooled from 
1500° F suggested that precipitation had, in those 
particular cases, occurred at 1500° F or less, but this 
did not preclude the possibility of precipitation oc- 
curring at a higher temperature if the opportunity 
were provided. 

To examine this point further, a steel which had 
been treated with 3 lb. of aluminum per ton was 
square. This steel, before forging, 


forged to 34-in. 





A7 Gu _| 125 | 008 | 


Fig. 7—A comparison of the intergranular fractu 
the base analysis with that in the test analysis. 
comparison was made by determining the cooling 
just sufficient to eliminate the intergranular fract 
the test analysis and dividing thts by the cooling 
just sufficient to eliminate intergranular fracture 
base analysis of the same aluminum and nitrogen cor 1 
tent as determined from Fig. 6. Base analysts was 0.3 
per cent C, 1.60 per cent Mn, 0.50 per cent Si, 0 
cent Cr, and 0.35 per cent Mo. 

Cross-hatched bars indicate that the fracture of 
areas not intergranular deteriorated in the test analys tha 
Therefore, results are not regarded as reliable. wl 

Saw-tooth end indicates that test analysts produced LD] 
larger variation than the wedge block employed ‘\ 
capable of measuring. Therefore, full extent of chang coo 

could not be measured. inte 


ben] 


but after being fully heat treated, exhibited a frac- : 
ture that was completely intercrystalline. After forg- ) 
ing, the intercrystalline network was sufficiently brok 
up so that the fracture was completely fibrous. Seven 
6-in.-long pieces of the 34-in. square were heated to 
2500° F for 6 hr. At the end of this period, one 
piece was quenched in oil and the furnace set back ' 
2300° F. Two hours later, another piece was quenched whic 
in oil and the furnace set back to 2100° F. 

This continued until a piece was quenched in 0! g 
at each 200-degree interval down to 1500° fF 
furnace was then turned off, and the last samp! 
cooled to room temperature with the furnace. | hus 4 
series of samples was obtained which would permit 
following the course of the precipitation. The pects 
were all reheated to 1600° F for 3 hr., water quenchec 
and drawn at 1100° F for 1 hr., then notched, anc 
fractured. 

The only specimen exhibiting any of the 
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Fie. 8 (left)—Picral etch. Ferrite network found in 
that broke intergranularly in the as-cast condition. 

Body of each grain is low-carbon martensite. 100. 
Fig.9 (center) —Picral etch. Ferrite network in another 
| that broke intergranularly in the as-cast condition. 


of each grain is a mixture of ferrite and pearlite, 


eranular fracture was one cooled to room tempera- 
ture in the furnace, and this piece had a fracture 
which was 95 per cent intercrystalline and only 5 per 
cent fibrous. All other pieces had fractures which 
were completely fibrous. Thus it became apparent 
that precipitation occurred below 1500° F, at least 
when the cooling rate employed was not less than 
approximately 100 degrees per hr. 

When the first heats were made, the influence of 
cooling rate from solidification on the formation of 
intergranular precipitate was not fully appreciated, 
ind consequently, the cooling rate was not carefully 
controlled. A group of steels was, therefore, made in 
which care was taken to control the cooling rate after 
casting. These steels were designed to show (1) the 
temperature at which precipitation occurred after 
casting, (2) the limit of susceptibility so far as alu- 
minum and nitrogen contents were concerned, and 

the temperature and time required to effect solu- 
tion of the precipitate. 


Precipitation of Aluminum Nitride 
The heat intended to show the temperature at 
which aluminum nitride precipitated on cooling 
from solidification was made with an intended nitro- 
gen content of 0.015 per cent, and the entire heat 
deoxidized with 114 Ib. of aluminum per ton. Eight 
single-keel blocks were cast and all of the castings 
shaken from the mold as soon as solid. One of the 
castings was quenched immediately in water, and the 
other seven placed in an electric pit-type furnace al- 
ready heated to 1700° F. 
\fter 2 hr., one of the seven castings in the electric 
ace was quenched in water and the furnace con- 
troller set back to 1500° F. Two hours later, another 


but the pearlite forms an almost continuous phase. 

<100. Fig. 10 (right) —Picral etch. Structure found in 

a steel whose fracture was not intergranular when 

broken in the as-cast condition. This time, ferrite rather 

than pearlite formed a continuous phase throughout 
each grain. 


casting was quenched and the furnace controller 
turned back to 1300° F. The procedure was repeated 
until castings had been quenched down to 900° F. 
The furnace was then turned off and the two castings 
still remaining in the furnace cooled to room tem- 
perature with the furnace. 

The legs removed from the castings were then 
heated to 1600° F for 3 hr, water quenched, reheated 
to 1250° F for 3 hr., water quenched, notched in 
three places, and broken as fracture tests. The re- 
sults are shown in Table 4. It was evident from the 
table that precipitation of the aluminum nitride 
occurred between 1700 and 1500° F. So far as the 
results of this particular series of tests were con- 
cerned, there was no indication that precipitation 
continued at temperatures below 1500° F. 


Intergranular Fracture Test Limitations 

It is apparent from the individual ratings tabu- 
lated in Table 4 that a considerable variation in per 
cent of intergranular fracture may exist between dif- 
ferent castings of the same heat although the castings 
are treated identically. Furthermore, it will be noted 
that the per cent of intergranular fracture was great- 
est in a casting quenched from 1500° F. ‘Theoretical 
considerations do not appear to afford an explanation 
of this. It must be concluded, therefore, that the frac- 
ture test is not entirely satisfactory for use as a quan- 
titative test of the amount of intergranular precipitate 
present, though it is certainly a good qualitative test 
and the best quantitative test available at the present. 

Further Studies on Susceptibility to Intergranular 
Fracture. As regards the limit of susceptibility so far 
as the aluminum and nitrogen contents were con- 
cerned, a very definite correlation between the inter- 
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granular fracture and both the aluminum and _nitro- 
gen contents of the steel was again found. At low 
nitrogen contents, the fracture did not become inter- 
granular until 2 Ib. of aluminum per ton had been 
added, but with intermediate nitrogen, less than 114 
lb. of aluminum per ton could be tolerated, and with 
high nitrogen, less than | Ib. of aluminum per ton 
could be tolerated. 

Ihe castings were cooled at 30° F per hr. through 
the range in which precipitation occurred. Previous 
tests indicated that more rapid cooling rates shift the 
points at which intergranular fracture appears to 
higher aluminum and nitrogen contents. Since a cool- 
ing rate of 30° F per hr. is slower than any rate likely 
to be encountered after pouring very large castings, 
the heats examined in this case indicated the practical 
limits of susceptibility so far as aluminum and _nitro- 
gen are concerned for steel of the base analysis used. 


Solution of Intergranular Precipitate 


In a check of the temperature and time required to 
effect solution of the precipitate, it was again shown 
that complete solution of the intergranular precipitate 
was effected by heating for 2 hr. at 2300° F and that 
partial solution was effected by heating for 6 hr. at 
2100° F. Two hours at 2100° F and either 2 or 6 at 
1900° F did not cause the per cent of intergranular 
fracture to decrease, but this cannot be interpreted as 
meaning that no solution took place. Additional tests 
are necessary before it can be determined whether any 
appreciable solution occurs below 2100° F. 

Aluminum nitride apparently behaves as a very slug- 
gish constituent. There appears to be a spread of several 
hundred degrees between the temperature of precipita- 
tion and the temperature of solution, even when 
moderately long times are permitted for precipitation 
or solution. It is significant that precipitation takes 
place preferentially at the grain boundaries where the 
steel lattice is least stable and consequently most eas- 
ily disrupted to accommodate a foreign nucleus, and 
this is in spite of the fact that both aluminum and 


Fig. 11 (left) —Picral etch. As cast. Note fine chain- 
like precipitate. X500. Fig. 12 (right) —Picral etch. 








INTERGRANULAR FRACTURE IN Cast § 


nitrogen must diffuse greater distances in a « 
grained as-cast structure if precipitation is to 
principally in the grain boundaries. 
Identification of the Intergranular Phase. Whi 
correlation between the intergranular fracture 
aluminum content on one hand and between t! 
tergranular fracture and nitrogen content on the 
suggested that the precipitate was aluminum nit 
positive identification was complicated by the ext 
fineness of the precipitate. In fact, it was found 
many times the intergranular chain of particles 
not visible under the microscope even at high n 
fication unless the fracture was practically 100 


cent intergranular. At other times, samples exhibiting 


10 or 50 per cent intergranular fracture contain 
coarse network visible at high magnification. 


In its crystalline characteristics, the precipitate was 


idiomorphic. Many of the particles appeared 
needles. These were probably platelets which w 
sectioned by the metallographic surface. Other parti 
cles had axes that are more nearly equal and may | 
either needles or polyhedrons. The particles may by 
characterized, in general, as parallelograms wher 
viewed under the microscope, through the ratio of 
width to length varies through a wide range. 


Crystal Structure of Precipitate 


The small crystalline particles were observed to by 
strongly anisotropic when viewed with reflected pola 
ized light and, therefore, the crystalline structure must 
be other than cubic. This seems to agree with obser- 
vations made on inclusions in heat-resisting alloys 
which have been identified as aluminum nitride. They 
were also noted to be somewhat translucent in reflect 
white light, and frequently the microscope could | 
made to focus at two locations, either at the metall 
graphic surface or at the inclusion-metal interfac: 

An attempt to identify the inclusions by us 
series of etching reagents, each of which attacks som 
particular type of inclusion was not too successful. T! 
fine intergranular precipitate dealt with did not seem 


Same sample as in Fig. 11 but in quenched and d) 
condition. Again note fine chain-like precipitate. <5! 
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properly into any of the published schemes for 
ical identification. 
der to produce a greater abundance of crystals, 
ill experimental heat of the same base analysis 
rly used was made to which | per cent of alumi- 
was added. Calcium cyanamide was stirred into 
at periodically for several minutes, and the heat 
then cast into small ingots. One ingot was im- 
ately placed in the furnace operating at 2700° F 
and cooled with the furnace. Another ingot was cooled 
ir, and electrolytic separation was made of the 
ies in the steel. 


Diffraction Pattern Study Made 
\n X-ray diffraction pattern made of this residue 


s] d strong lines which fitted precisely with calcu- 
lations of published parameter data for aluminum 
nitride. A number of other lines which did not fit the 
aluminum nitride pattern were also present, but these 
were relatively faint and diffused. The greater part 


of the residue probably consisted of complex carbides, 
but apparently these carbides were so small in size 
that they resulted in very diffused refraction. 

\ similar electrolytic separation was made of a speci- 

to which 28 Ib. per ton of aluminum had been 
added and which had an intended nitrogen content of 
0.020 per cent. Chemical analysis of this residue gave 
6 per cent nitrogen and 31.4 per cent aluminum, a 
ratio that fits almost precisely with the formula for 
aluminum nitride. 

\s a further check on the identity of the intergranu 
lar precipitate, an attempt was made to produce the 
same phase in steel at subfreezing temperatures by af- 
fording several compounds to diffuse into the steel. 
Three different steels were used; one contained no 
aluminum, one had had 3 Ib. of aluminum added per 
ton to the melt, and the third had had 20 Ib. of alumi- 
num added per ton to the melt. All three steels con- 
tained about 0.010 per cent nitrogen. Two samples of 
each steel were drilled and tapped in three places. The 
three holes produced in each sample were then filled 
separately with sodium cyanide, aluminum nitride 
and ferric oxide, and were then sealed. 

lhe sodium cyanide was expected to furnish nitro 
gen and carbon for diffusion into steel, the aluminum 
nitride was to furnish both aluminum and nitrogen, 
and the ferric oxide was to furnish oxygen. One set of 
specimens was treated for 24 hr. at 2300° F and fur- 
nace cooled, while the other set was heated for 2 hr. at 
500° F and furnace cooled. After this, the specimens 
were sectioned and polished so that the periphery of 
each hole could be examined metallographically. 


Non-Metallic Inclusions Studied 

Metallographic examination of the diffused speci- 
mens showed that the aluminum nitride produced 
particles in all three steels of the same crystal habit 
and optical properties as the intergranular precipitate. 
sodium cyanide produced no nonmetallic inclusions 
in the steel containing no aluminum, a few particles 
‘similar to the intergranular precipitate in the steel 
containing 0.15 per cent aluminum, and an abundance 
of particles similar to the intergranular precipitate in 
the steel containing 1 per cent aluminum. The parti- 
les formed in the | per cent aluminum steel took a 


1H9 


network form of distribution 

The penetration of the particles formed in the | 
per cent aluminum steel with sodium cyanide was 
much greater than the penetration of the particles 
formed in the 0 per cent aluminum steel with alumi 
num nitride. This is reasonable if one considers that 
in the former case only nitrogen need diffuse, while in 
the latter case the penetration is controlled by the duel 
diffusion of aluminum and nitrogen. Aluminum, with 
its greater atomic radius than nitrogen, would be ex 
pected to diffuse more slowly than nitrogen and thus 
retard the rate of penetration. 

The iron oxide produced an abundance of globular 
silicates and complex oxide particles in all three steels. 
There was also a distinct fringe of acicular particles 
resembling the intergranular precipitate found around 
the edge of the oxide-silicate zone in the | per cent 
aluminum steel. A similar but less distinct fringe was 
formed at the edge of the oxide-silicate zone in the 0.15 
per cent aluminum steel. No acicular particles were 
evident in the steel containing no aluminum. This 
may be rationalized by assuming that oxygen lowers 
the solubility of nitrogen in steel. Thus, as the oxygen 
diffuses into the steel, the nitrogen would tend to con- 
centrate in bands ahead of the oxygen and become 
sufficiently concentrated to form a considerable quan- 
tity of aluminum nitride in those steels containing 
aluminum. 


Summary of Phase Identification 

In summarizing the work on the identification of the 
intergranular phase, it was noted that the crystal hab- 
its, optical properties, and etching characteristics of 
the phase were different than the characteristics of the 
common inclusions found in steel. Inclusions exhib- 
iting the same characteristics, but larger in size, were 
produced in experimental melts. These large inclu- 
sions were separated from the steel and found by X-ray 
diffraction to be aluminum nitride crystals. 

Diffusion tests demonstrated that crystals similar in 
nature to the intergranular precipitate could be 
formed by use of aluminum nitride in steel containing 
no aluminum or by use of sodium cyanide in steel 
already containing aluminum. Although the proce- 
dures used were somewhat indirect, it appears that the 
evidence indicates rather conclusively that the inter- 
granular precipitate is aluminum nitride. 


Effects of Al, N, Cooling Rate and Steel Composition 

To obtain reproducible cooling rates in different 
castings and thus make possible a study of the effect of 
aluminum, nitrogen, and cooling rate, and at the same 
time permit a comparison of different compositions, a 
wedge block was developed which gave a wide variation 
in cooling rates between different sections. A drawing 
of the wedge block is shown in Fig. 4. All wedges were 
cast vertically in a core sand mold. After pouring, a 
box 14x 14x 15 in. was placed around the square sink 
head and filled with Sil-O-cel to retard the cooling rate 
of the sink head. The two vertical bars attached to the 
side of the wedge, shown in Fig. 4, were sawed from the 
block and used as test bars. 

The cooling rate obtained at different positions along 
the sides of the bars was determined by the use of ther- 
mocouples, and Fig. 5 indicates the average cooling 
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rate that was obtained at different positions on the bars. 
Variations in cooling rates between similar positions on 
bars of three different wedges were not more than plus 
or minus 10 per cent of the average shown in Fig. 5. 

viously were made in a 300-Ib. induction furnace, using 

All of the heats of the same base analysis as used pre- 
the same scrap addition and melting practice. Wedges 
were not removed from the molds for at least 12 hr. after 
casting. After the bars had been sawed from the wedge 
block, they were heated to 1600° F for two hr., quenched 
in water, drawn for one hr. at 1200° F, and water 
quenched. The bars were then notched every 114 in. 
along their length and broken at each notch. 

To make apparent any differences that might exist 
because of differences in the breaking procedure, some 
of the bars were broken statically in a tensile machine 
and some of the bars were broken dynamically by use 
of a drop-hammer apparatus. Each fracture was then 
rated individually according to the percentage of inter- 
granular fracture that was apparent. 


Importance of Three Variables 

Effect of Aluminum, Nitrogen, and Cooling Rate. 
The data summarized in Fig. 6 illustrate the importance 
of the three variables, aluminum content, nitrogen con- 
tent, and cooling rate. The percentage of intergranular 
fracture decreased as the fast-cooled end of the test bars 
was approached. The variation in the percentage of in- 
tergranular fracture obtained on different parts of the 
same wedge block broken in the same manner was 
sometimes large when the percentage of intergranular 
fracture present was large, but appeared to become in- 
significant as the percentage of intergranular fracture 
became small. 

The several comparisons afforded by two bars from 
one wedge, one of which was broken statically and one 
of which was broken dynamically, indicate that, on the 
whole, dynamic testing results in a slightly greater per- 
centage of intergranular fracture than does static test- 
ing, and that, when statically tested, the bars become 
free from intergranular fracture at slightly slower cool- 
ing rates, other things being equal. 

Wedge-block cooling rates at 1500° F have been used 
throughout in the preparation of Fig. 6 because 1500° 
F is known to be about the middle of the range at which 
the precipitation may occur. It is, of course, recognized 
that precipitation occurs at somewhat higher tempera- 
tures with slower cooling rates than it does with more 
rapid cooling rate. However, an attempt to take into 
consideration the change in temperature of precipita- 
tion with change in the cooling rate greatly complicates 
plotting of the data and probably is not justified be- 
cause of the rather narrow range in which precipitation 
appears to occur, namely 1700 to 1300° F. 


Aluminum Nitride Precipitation 

Figure 6 is intended as a rough guide of the range 
where trouble from aluminum nitride precipitation 
may be expected. Areas to the left and below any par- 
ticular curve are expected to be free from intergranular 
fracture, while those areas to the right and above any 
particular curve are expected to contain the intergranu- 
lar fracture. Thus, if the approximate cooling rate of 
the casting at 1500° F is known, dangerous composi- 
tions, so far as aluminum and nitrogen content are 
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known to be approximately 500° F per hr. at 1500 
concerned, may be obtained by reference to Fig. ¢ 

For example, if the cooling rate of the cast 
nitrogen content of as high as 0.011 per cent may 
sociated with aluminum additions as great as 2 | 
ton without anticipating trouble from aluminu 
tride precipitation. But this same casting wou 
expected to show considerable intergranular fract 
the aluminum additions were raised to 3 Ib. pe: 
keeping the nitrogen content the same. 


An Anomaly Explained 
A certain degree of caution is necessary in the use of 


Fig. 6. Since these curves were first drawn, severa! ex. 


amples of comercial steel have been observed which did 
not contain any intergranular fracture, though th: 
aluminum added, the nitrogen content, and the cooling 
rate after casting were such that they were well withi: 
the “intergranular area” of Fig. 6. The most probab| 
explanation of this apparent anomaly seems to involy 
a difference in the degree of oxidation of the steel prio: 
to the aluminum addition. . 
The heats used in making Fig. 6 were small induction 
furnace heats, probably of low oxygen content. The ob 
served steels which did not behave as would be predicted 
by Fig. 6 were from basic-electric single-slag heats whic! 
probably had a much higher oxygen content at the tim 


the aluminum was added, and consequently finished 


with a lower metallic aluminum content. It would per 
haps be more logical to plot metallic aluminum ys 
nitrogen content in Fig. 6. However, reliable metalli 


aluminum analyses of the steels from which Fig. 6 was 


made are not available. 

It must be emphasized that consistent results cannot 
be expected from fracture tests unless the specimens a! 
fully hardened and drawn before breaking. Past work 
has shown that, when normalized, annealed, or as-cast 
specimens containing mixed microstructures a! 
broken, the fracture may follow ferrite or bainite ar 
rather than the intergranular precipitate. 


To illustrate the effect of bainite, several specimens 
were made from steels exhibiting considerable inter- 


granular fracture when tested in the fully hardened and 
drawn condition. These specimens were quenched 1! 
lead at 850° F to form a structure that was 100 per cen| 
bainite. The specimens were then drawn for | hr. at 
1200° F, notched, and broken. None of the bainite 
specimens exhibited any intergranular fracture, al: 
though comparative, fully hardened and drawn speci 


mens exhibited 20 to 90 per cent intergranular fracture 


Effect of Heat Treatment 
Thus, on the whole, normalized, annealed, or as-cast 
structures show less intergranular fracture than d 
other specimens containing the same amount of intel: 
granular precipitate but fractured in the quenched 
and drawn condition. Moreover, the amount of inte! 
granular fracture obtained on specimens of mixed 
microstructure appears to be much less reprod ucibi¢ 
than that obtained on quenched and drawn spe: ns 
Therefore, information obtained from the frac 
specimens which have not first been fully harden 
drawn is of questionable value. 
Effect of Other Elements. Though aluminun 
gen, and cooling rate appear to be the primary | ict 
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control the precipitation of aluminum nitride 
intergranular phase, it was thought that other 
ts might indirectly effect such precipitation 
fore, a series of wedge blocks were made to which 
im, zirconium, columbium, vanadium, and boron 
dded one at a time. Any of these elements may, 
some conditions, act as a deoxidizer, and, conse- 
ly, they were added to the melt after the alumi- 
addition was made. 
ther series was made in which the carbon, man- 
silicon, molybdenum, chromium, nickel, sul- 
and copper contents were varied individually 
he base analysis. Except for the individual vari- 
; in each element given above, each of these wedge 
ks was made and handled in the same manner as 
edge blocks used to evaluate the effects of alumi- 
nitrogen, and cooling rate. 


Comparison of Cooling Rates 

\ comparison of the cooling rate just sufficient to 
nate the intergranular fracture in the particular 
sis being tested, with the cooling rate just suffi- 
ent to eliminate the intergranular fracture in the 
se analysis, made apparent the effect of the element 
ng tested. The results are indicated in Fig. 7. Both 
irs from each wedge block were broken dynamically. 
In most instances, identical results were obtained on 
both bars of a wedge block; but in a few instances, where 
i1| differences were found, the results of the two bars 

from one wedge block were averaged (Fig. 7). 
fitanium and zirconium are both powerful nitride- 
forming elements. Either of these elements should be 
ipable of forming its respective nitrides before solidifi- 
cation of the steel, judging from thermodynamic data 
ind, also, from the idiomorphic character of either zir- 
onium or titanium nitride particles commonly ob- 
served in steel. These two elements, then, might be 
expected to decrease the susceptibility of a steel to inter- 
granular fracture by decreasing the amount of nitrogen 

available to combine with the aluminum. 

However, it is evident from Fig. 7 that the effect of 
either titanium or zirconium in this respect is not large. 
In fact, if titanium or zirconium is considered as a 
simple addition to the melt, the results as plotted in 
Fig. 7 do not differ sufficiently from the base analysis 
tests to be considered significant, except for three of 
the twelve wedge tests. An advantage from either titan- 
um or zirconium does become apparent if, instead of 
onsidering them as added elements in the melt, they 
ire considered as replacing a chemically equivalent 
mount of aluminum; Le., a steel to which 0.10 per 

tluminum and 0.067 per cent titanium had been 
iided would be compared with a base analysis to which 
/.15 per cent aluminum had been added, since 0.067 

cent titanium reacts with the same amount of 
n as 0.05 per cent aluminum. 


Effect of Titanium and Zirconium 
summarize the observed effect of titanium or zir- 
m on the intergranular fracture, it would appear 
neither causes a decided improvement by fixing 
itrogen as had been anticipated, but that either 
esult in a considerable improvement if considered 
the standpoint of replacing a chemically equiva- 
‘mount of aluminum. 
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Columbium presents an example of how embrittle 
ment of the entire structure may cause a decrease in 
the amount of intergranular fracture observed without 
causing any real improvement. Additions of colum 
bium caused the precipitation of a pale yellow phase 
principally at the interdendritic area. It was not iden- 
tified, but is assumed to be some columbium compound 

Additions of 0.047 per cent vanadium caused a con 
spicuous increase in the amount of intergranular frac- 
ture found in the wedge bars as indicated in Fig. 7. 
Additions of 0.094 per cent vanadium did not cause a 
further increase in the intergranular fracture. Instead, 
the amount of intergranular fracture observed was 
about the same as would be expected from the base 
analysis, but, at the same time, areas of the fractures 
not intergranular appeared less tough and fibrous than 
normal. Vanadium carbides, precipitated after casting 
and undissolved by the heat treatment employed, may 
explain the increased brittleness in the 0.094 per cent 
vanadium wedge blocks. 


Effect of Boron 

When 0.005 per cent boron was added to the base 
analysis, a steel of unusually low nitrogen content was 
obtained. The nitrogen content was sufficiently lower 
than for any other heat in the series that it can hardly 
be regarded as a matter of chance but is instead evidence 
that boron will remove nitrogen from steel. If the 
0.005 per cent boron steels are compared with a base 
analysis of the same nitrogen content, as is done in Fig. 
7, no large improvement is evident. But, if the 0.005 
per cent boron steels are compared with a base analysis 
whose nitrogen content is “normal” for the practice 
used (and this is justified if boron additions are capable 
of removing nitrogen from the steel) , then the improve 
ment resulting from the boron addition appears very 
large indeed. 

Elimination of chromium from the base analysis and 
also an increase in the chromium content to 0.89 per 
cent caused no significant change in the location of the 
first trace of intergranular fracture on the test bar. 
However, a wedge block made with 1.56 per cent chrom- 
ium required a much more rapid cooling rate to elim- 
inate intergranular fracture than did the base analysis. 
At the same time, the intergranular areas became 
brighter in appearance. Microscopic examination in- 
dicated the presence of massive carbides not dissolved by 
the heat treatment. This, then, seemed to show that 
massive carbides properly positioned in the matrix 
may add to the aluminum nitride effect 


Effect of Molybdenum 

Variation in the molybdenum content produced a 
surprisingly large effect. Elimination of molybdenum 
caused a tremendous increase in the cooling rate that 
could be tolerated, and additions of 0.20 and 0.58 per 
cenit molybdenum decreased the tolerable cooling rate 
in a consistent manner. No explanation of the way in 
which molybdenum affects the intergranular fractures 
was apparent by metallographic examination. As a 
matter of speculation, it may be that the massive molyb- 
denum atoms, when present in the austenite lattice, ef- 
fectively impede the diffusion of aluminum and/or 
nitrogen and, thus, greatly retard the precipitation of 
aluminum nitride. 











Wedge blocks with silicon contents of 9.20 per cent 
and 0.79 per cent were no different than the base analy- 
sis; but, it was noted that 1.15 per cent silicon resulted 
in a steel slightly more susceptible to intergranular frac- 
ture, and, at the same time, caused an apparent decrease 
in the toughness of the fracture that was not intergranu- 
lar in nature. 

In the manganese series, only the low manganese 
(0.40 per cent Mn) was significantly different from the 
base analysis. This wedge block, though apparently 
less susceptible to intergranular fracture, exhibited 
fractures that were less tough in the areas not inter- 
granular than did the base analysis. Therefore, the 
results can hardly be interpreted as indicating a real 


improvement. 


Effect of Carbon 


Variations in carbon had no significant effect until 
the carbon was raised to 0.67 per cent. Then an appar- 
ent improvement was noted, but again, this apparent 
improvement was probably not real because it occurred 
simultaneously with a decrease in the toughness of the 
fracture areas that were not intergranular. 

Nickel failed to show a consistent trend. Additions 
of 0.5 and 1.0 per cent resulted in fracture bars that 
were less susceptible to intergranular fracture, but the 
2.0 per cent nickel wedge blocks appeared to be more 
susceptible. 

Sulphur contents of 0.08, 0.10, and 0.12 per cent all 
produced a decided decrease in the susceptibility of 
the steel to intergranular fracture without any apparent 
decrease in the toughness of the fracture not intergranu- 
lar. Very likely, this improvement resulted from the 
formation of aluminum sulphide and the consequent 
decrease in the amount of dissolved aluminum avail- 
able to react with the nitrogen. 

Another series of wedge blocks, results for which 
could not be shown in Fig. 7, were made with aluminum 
additions of 0.025 per cent to 0.075 per cent and sulphur 
contents of 0.03 per cent to 0.09 per cent. About 50 pe 
cent of the sulphur was present in some of the wedges 
as Type II network sulphides, but not a trace of inter- 
granular fracture was evident at any location in the 
fracture bars. Neither did the fractures appear more 
brittle than the base analysis. 

These results suggest that aluminum nitride precipi- 
tation and Type II sulphide inclusions probably do 
not occur in the same steel. When the residual alumi- 
num content is sufficiently low that Type II sulphides 
are formed, it is probable that it is also sufficiently low 
that aluminum nitride will not precipitate. Further- 
more, the Type II sulphides formed in these steels were 
not sufficient alone to cause intergranular fractures. 

Copper caused a conspicuous decrease in the suscep- 
tibility to intergranular fracture, for which no explana- 
tion can be offered at the present time. 


Ferrite Precipitation in As-Cast Structures 

A number of test bars were received from one manu- 
facturer of cast steel which showed large percentages 
of intergranular fractures. The test bars had been 
cooled at various rates after casting and then fractured 
without further treatment. The test bars showing the 
intergranular fracture invariably contained a ferrite 
network about each primary austenite grain. 
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As illustrated in Fig. 8 and 9, the body of ea 
mary austenite grain was sometime martensit: 
sometimes mixtures of pearlite and ferrite in whi 
pearlite formed the continuous phase. Wheth 
center of each austenite grain was predominate! 
tensite or mixtures of pearlite and ferrite depen: 
both the chemical analysis of the test bar and th 
ing rate after casting. However, either of these ty 
structures resulted in intergranular types of fra 

If the cooling rate became sufficiently slow to caus 
ferrite to become the continuous phase in the cer 
the primary austenite grains, as shown in Fig. 10). th 
fracture still occurred through the ferrite but was , 
longer intergranular in appearance. After heat trea 
ment, the bars no longer contained coarse ferrite ne 
work, and consequently, the fractures became fil 
and tough rather than intergranular. 

The presence of a ferrite network in the as-cast stru 


ture can hardly be considered as indicative of poo, 
quality in the casting. Its formation is dependent o1 
a chance combination of hardenability and cooling 
rate after solidification. The fact that such networks 
have been found to cause an intergranular fractur 
serves as another illustration of the necessity of heat 
treating fracture specimens before testing. 


Internal Hot Tears 

The cause of intergranular fracture in two specimens 
examined was thought to be internal hot tears, formed 
as the casting cooled from solidification, that were not 
exposed to the atmosphere at any time prior to fractur 
ing. The evidence is entirely circumstantial. Hot tears 
which had opened to the surface of the casting and wer 
consequently oxidized were noted on both the abov 
mentioned castings. 

No heat treatment (even a 15-hr. soak at 2300° F fol 
lowed by rapid cooling—which is capable of taking 
aluminum nitride into solution) affected the amount 
of intergranular fracture that appeared after breaking 
Metallographic examination failed to reveal any kind 
of precipitate that might be the cause of the intergranu 
lar fracture, but, at the same time, also failed to revea 
the presence of any discontinuities which might be cot 
nected with the fracture. 

Thus, if internal hot tears were the cause of the 
intergranular fracture, either the metallographic sectio! 
chosen was not such that it intersected any of the fis 
sures, or the fissures were so tightly pressed togethi 
that they could not be seen with the microscope—as h 
drogen ruptures frequently are, for example. 


Type II Sulphide Inclusions 

Type II sulphide inclusions (network type) 
been suspected of causing intergranular fractures 1! 
three different specimens that were submitted for ex 
amination. However, the evidence was again entire!) 
circumstantial, and the principal reason for suspecting 
the Type II inclusions was that they were the on!y pos 
sible clues that became evident from a rather caret! 
metallographic examination. . 

It is known from the experience with wedge block 
tests that when the inclusions are about 50 per ce! 
Type II and 50 per cent Type III, the fractures may 
fibrous and tough and be completely free from inte! 
granular fracture. If, then, Type II sulphides do caus 
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fractures, it must be that a rather ex 
case of Type IT inclusions is required 


inular 


An Unidentified Intergranular Phase 

) samples examined were found to contain a fine 

ike precipitate which followed the primary grain 

aries. Neither of the samples showed any inter- 

ar fracture when broken in the as-cast condition; 

ison apparently being that, as cast, the body of 

rain was weaker than the area through which the 

recipitate passed. 

r heating for 2 hr. at 1600° F, water quenching, 
i rawing for | hr. at 1200° F, both samples exhib- 
ractures that were approximately 50 per cent in 
inular. After heating for 15 hr. at 2300° F, furnace 
ig, reheating for 2 hr. at 1600° F, water quench 
ing, and drawing for | hr. at 1200° F, the fractures of 
were completely fibrous. The fine chain-like pre- 
pitate was observed in the as-cast specimens, Fig. 11, 
ind in the specimen heated 2 hr. at 1600° F, water 
nched, and drawn | hr. at 1200° F, Fig. 12, but was 
{ present in the sample heated 15 hr. at 2300° F. 
[he precipitate was not evident before etching in 
the as-cast sample or the sample quenched from 1600° 
F. The precipitate has much the appearance of fine 
carbides; but, since it was observed by repolishing 
etched specimens that the chain-like precipitate etched 
more deeply than the other carbides, and since these 
particles did not go into solution when heated 2 hr. at 
1600° F, they probably are not carbides. 


su 


Conclusion 

[he work upon which this paper is based was in- 
tended as a survey of the causes of intergranular frac- 
ture in fracture test specimens. Some of the conclu- 
sions, particularly those concerning the indirect effect 
of alloying elements on aluminum nitride precipita- 
tion, are based on single tests without the benefit of 
attempts to repeat the first results. In any investiga- 
tional work this is a hazardous procedure, for there is 
always the possibility that some important factor has 
not been recognized and properly controlled, and that 
subsequent tests, therefore, will fail to duplicate the 
riginal results. 

For this reason, the results deserve to be checked in 
other laboratories and under somewhat different con- 
litions before the conclusions can be advanced with 
certain validity—and before the conclusions can be dog- 
matically applied to commercial practice. Further- 
more, it is very probable that there are still other causes 
of intergranular fractures, not suspected at the present 
time, which will become evident from continued use of 
the fracture test. 

Prime causes of intergranular fracture found and 
identified in samples either prepared in the laboratory 
submitted for examination are as follows: 


|. Aluminum nitride precipitation at primary aus- 
(enite grain boundaries. Aluminum content, nitrogen 
ontent, and cooling rate after casting control the pre- 


cipitation. Use of either Ti, Zr, B, S, Mo, or Cu de- 


(? 


ses (by some indirect means) the tendency toward 
intergranular fracture. 


-. Ferrite precipitation as a network on the primary 
| boundaries. (Only causes intergranular fracture 
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when specimens are fractured in the as-cast condition, 
since heat treatment obliterates such a network.) 


3. Carbide precipitation at primary grain bound 
aries. (May cause intergranular fracture if tested in 
the as-cast condition or if tested after a heat treatment 
not capable of completely dissolving such carbides.) 


1. Extreme cases of Type II sulphide inclusions 
(The evidence is rather weak. Moderate amount of 
[ype II inclusions mixed with Type III inclusions ob 
served in a number of samples had no apparent effect 
on the fracture.) 


5. Internal hot tears not exposed to the atmosphere 
prior to fracturing. (If exposed to the atmosphere as 
the casting cooled, the surface is conspicuously oxi 
dized, and the fact that such defects were hot tears 1s 
obvious.) 


6. A chain-like precipitate of some unidentified 
compound. The precipitate did not become evident 
until the metallographic specimens were etched. It 
was not dissolved by heating for two hr. at 1600° F, but 
was dissolved by heating for 15 hr. at 2300° F. 
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DISCUSSION 


Chairman: J. A. RAssenross, American Steel Foundries, Indiana 
Harbor, Ind. 
Co-Chairman: G. VENNERHOLM, Ford Motor Co., Dearborn, Mich 
Mitton Tittey:! I would like more information on the hair 
line cracks in Fig. 2. Are they hot tears or are they just the 
cavity in which the precipitate is found or is it a crack due to 
the precipitating compound producing stresses? 


1 National Malleable and Steel Castings Co., Cleveland 
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Dr. Loric: I think those cracks are merely indications of the 
areas where the precipitate occurred and have been etched out 
by the etching reagent. They merely indicate that solution 
in the etching reagent was very rapid in areas occupied by the 
precipitate. 

C. W. Briccs:2 I would like more information on the residual 
aluminum content. I realize that it is difficult to obtain good 
aluminum recovery in commercial practice, but in control 
studies, especially on induction furnace work, it is easy to get a 
good aluminum recovery. It is known that in commercial prac 
tice when an addition of, say, 2 lb. of aluminum per ton is 
made, it is even possible to get no aluminum recovery owing to 
those general conditions producing FeO in the melt such as on 
transfer of metal from the furnace to the ladle, from the ladle 
to hand shanks, from hand shanks to mold, etc. There is an 
uncertainty just when the intergranular type of inclusions, espe- 
cially aluminum nitrides are obtained. Surely there must be 
some time when the residual aluminum content must be fairly 
high. In some of the research studies of the Steel Founders 
Society, the residual aluminum contents were fairly high and 
the intergranular type of fracture was obtained. .At that time 
we did not have sufficient information on the hydrogen content. 
However, the steels were made in the induction furnace similar 
to those heats of Dr. Lorig. I would like to obtain information 
about the quantity of the residual aluminum that may be 
responsible for intergranular fracture. 

Dr. Loric: If the residual aluminum content is in the neigh- 
borhood of, say, 0.06 per cent or above, the nitrogen contents 
are in the neighborhood of 0.01 per cent, I think one might 
observe intergranular fracture in some castings. It depends some- 
what on the size of casting and the rate at which it cools in 
the mold. Recoveries of aluminum in our practice tend to be 
in the neighborhood of 60 per cent. If 0.10 per cent is added 
the steel will then have about 0.06 per cent residual aluminum. 

Mr. Briccs: From what I could observe from commercial work, 
it looked to me as if it was running somewhere around 0.06 or 
0.07 per cent normally. 

Memper: I would like to know whether this intergranular 
condition exists if there is no aluminum added. 

Dr. Loric: Yes, it may exist. Anything that will change the 
strength of the matrix at the grain boundary may bring about 
intergranular fracture. Such precipitations as ferrite networks 
around the grain boundaries may induce intergranular fracture. 
Various other factors were mentioned in the paper. Whenever 
there is non-uniformity in strength within the matrix, especially 
when the constituent at the grain boundary is different and is 
of different strength than the matrix itself, intergranular frac- 
ture may occur without relation to the aluminum or nitrogen 
content of the steel. 

Memeser: Did you notice any difference when the molybdenum 
content was in excess of 0.35 per cent? 

Dr. Loric: Yes, molybdenum was quite effective in our tests 
in decreasing the amount of intergranular fracture resulting 
from aluminum nitride. We made only one test on each steel 
and probably the effect of molybdenum should be checked again. 
Our results indicated that the steel is less susceptible as the 
molybdenum content is increased. 

R. C. Wayne:2 Did you say that any non-uniform constituent 
in the grain boundary, such as a network of ferrite or nitride, 
would cause intergranular fracture? It seems somewhat anomal 
ous that a tough, ductile material like ferrite would have that 
effect. 

Dr. Loric: I think it is perfectly feasible for a tough material 
if confined as a thin membrane between stronger, less tough 
material to fracture with little ductility. In Fig. 12 the matrix 
is primarily pearlitic and the grain boundary is ferritic. The 
ferrite is much lower in strength than the matrix and at the 


2 Steel Foundries Society, Cleveland 





INTERGRANULAR FRACTURE IN CAs 


same time, while it is ductile, fracture can easily | 
through the ferrite because of stress concentration. | 
feasible to have intergranular fracture with both a toug 
rial in the grain boundary and with a brittle materia 
grain boundary. 

Mr. TiLtey: Can you give us more information on » 
under what conditions you get the ferrite network a: 
you do to avoid it or to correct it when you have it? 

Dr. Loric: That depends upon the nature of the ste« 
being tested. The steel that I used in my illustration 
that was highly alloyed, hence, it had a reasonable am 
hardenability but not sufficient to avoid completely fer 
cipitation. As a consequence, it showed this ferrite 
pattern upon cooling. If this same steel were cooled mor 
to obtain more ferrite in the form of equiaxed grains 
doubtedly would have fractured with a fibrous fracture 
we reheated the steel and cooled it very slowly, thereby c! 
the nature of its microstructure. The steel was then « 
The rate of cooling, the hardenability of the steel, and its 
position, etc., affect ferrite precipitation. It is hard to set 
definite statements as to what steels will and what steels wi 
show the deleterious type of ferrite precipitate. It depends u; 
many factors and the size of section that you are dealing wit 

C. E. Stms:3 I would like to discuss the ferrite network. \ 
it is probably one of the unusual types, rather easily corr 
by heat treatment, the principle of having a brittle fra 


' 


caused by a ductile material is not as incongruous as it may 
seem at first thought. Grossman in his Howe Memorial Lectur 


of 1946 clearly brought that out. He showed that fine 
of ferrite caused brittle fractures. Because it is much w 
than the material around it, it is the material that will fa 
and, because it is so thin, triaxial stresses are set up and the 
is no chance for slip to take place along the slip planes. 1 
result is a cleavage type fracture. 

I recall one instance of a casting examined, a part of a1 
plane landing gear that failed in service. It had the ty 
brittle intergranular fracture. On close examination, however 
what caused the brittle fracture in this case seemed to be 
extreme case of No. 2 type sulphide. It is not likely that or 
would find both nitride and sulphide, because the condit 
that would give the No. 2 sulphides, would not furnish enoug 
residual aluminum to form the nitride. 

Dr. Loric: In a few tests on physical properties of ste: 
indications were that if the amount of intergranular fractu: 
exceeded a certain percentage, say 25 per cent, the reduct 
of area and elongation values were adversely affected 
when intergranular fracture approached 100 per cent ther 
very little ductility, the elongation and reduction of area being 
reduced to values in the neighborhood of one or two per 
The tensile strength and yield strength were not noticea 
affected as far as one could tell, but the impact and tens 
ductility values were modified by the presence of the 
granular fracture. 

CHAIRMAN RAssENFOss: This sort of thing might be obtai! 
perhaps even without aluminum additions to the steel 
were making some low alloy steels with small additions of « 
and molybdenum and various combinations of those and ce: 
of those were quite sensitive to intergranular fracture if the 
were stripped from the molds immediately after casting 
allowed to cool rapidly in the open air. When pull 
tensile test after a 400° F. aging treatment, which gave a straw 
colored appearance to the machined test bars, the fractur 
exhibited a straw-colored appearance too. Apparently, the raj 
cooling from the solidification of these particular steels result 
in their cracking before they were even put through t! 
heat treatment and machining operation and, as a conse 
they exhibited a fracture of this type, and some of the: 
actually quite low in tensile strength, too. 


W 


were 


3 Battelle Memorial Institute, Columbus, Ohio. 








find 
ap} l 
suthic 


or my 


Che 
pourir 
VE Stiga 


ous dis 


ty 


T 





DENSITY OF MOLDING SAND 


H. W. Dietert, H. H. Fairfield, E. J. Hasty* 


ABSTRACT 
iry experiments indicated that the chilling effect of sand 
»uid metal was related to the density of the sand as rammed. 
ing the density of the sand increased its chilling effect upon 


ity of rammed sand is closely related to mold hardness 
ize and distribution, clay and moisture content have an ap- 
e effect upon the density of rammed sand. 
ty values on sands rammed by jolting, squeezing, ramming 
wing are given. 

e density of rammed sand is modified by additions of com- 
used foundry materials. 


[HIS INVESTIGATION was undertaken in order to 
| out first, whether density of molding sand had an 


preciable effect upon castings and secondly, to obtain 


ay} 
ii 


sufficient information to enable foundrymen to control 


0 
i 


y 


modify density of core and molding sands. 


It was considered advisable to present the results in 


three parts as follows: 
Part I Effect of Sand Density on Metal Solidifi- 


cation 


PartIl Effect of Moisture, Clay, Grain Size, and 


I 


Other Variables on Sand Density 
‘art III Effect of Ramming Method upon Sand 
Density 


Part One 
Effect of Mold Density on 
Metal Solidification 


Che phenomena of heat transference into molds after 


pouring has attracted the attention of a number of in- 
vestigators. By placing thermocouples in molds at vari- 
ous distances from the casting, the nature of heat flow 


nas 


18 


nt 


been demonstrated. Scott! gives thermal gradients 
i mold for a 16 lb iron casting. Briggs and Gezelius? 
sand temperatures after pouring 31 and 106 Ib 
ngs. Lebesch, Hambley and Geist® describe sand 
ug curves for a mold containing a 42 ton casting. 


[he properties of a metal casting are considerably 


enced by the rate that its heat is removed by the 
Womochel and Sigerfoos* indicate how sand 
rties affect shrinkage in gray iron. Dietert and 


nt, Foundry Consultant and Assistant Foundry Consult 
ectively, of the Harry W. Dietert Company, Detroit. 





Woodliff® demonstrated that hardness of gray iron is 
affected by molding sand. Chamberlin and Mezoff® 
show how physical properties of magnesium castings are 
influenced by cooling rates and how different mold 
materials produce different cooling rates. 

Thermal conductivity of sand is therefore, an impor- 
tant factor to be considered. Dietert and Doelman?* com- 
pared the thermal conductivity of a number of sands 
and inferred that density has a considerable effect upon 
thermal conductivity. 

Since sand density affected thermal properties, it was 
concluded that the rate of heat transfer into molds was 
dependent in part upon the density of the molding 
sand. An investigation was, therefore, carried out to test 
this hypothesis. The technique used by Briggs and 
Gezelius? in their work on rate of skin formation was 
thought to be suitable to the measurement of relative 
chilling effects of molding sand. 


Equipment and Method 


Dry Sand Mold—Two types of patterns were pro- 
posed for this project. The first is shown in Fig. 1. A 
cylindrical pattern 6 in. in diameter and 8 in. high was 
rammed up in a cheek flask. The circular flask was di- 
vided into four compartments, so that four different 
kinds of sand could be rammed around the cylindrical 
pattern. The sands used are described in Table 1. This 
mold was dried for 5 hr at approximately 400 F and 
then set on top of a slab core. The cope consisted of 
another slab core. 


The mold was poured, and after 10 min had elapsed, 
an iron rod was pushed down through the sprue and 
the bottom of the mold was knocked out. This allowed 
the liquid metal to drain out of the mold, leaving a shell 
of metal on the mold surface. The thickness of the metal 
shell was indicative of the cooling rate of the sand. 
Table 2 indicates the chemical analysis of the metal 
used for these experiments. 

Green Sand Mold—The second type of pattern used is 
shown in Fig. 2. A different type of sand was rammed 
around each wedge. The casting was made upright in 
an open top mold using green sand. Three minutes 
after pouring, the mold was tipped over and the un- 
solidified metal was poured out. 
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A survey of mold hardness was made on each mold. D | 


Table 3 gives the hardness test results on the mold in 
which cast sections shown in Fig. 3 were made. Because 

















ict 
[asb_e 1.—SAND Mixtures UsEpD FOR $5 
‘Test CASTINGS \ ne 
of the high permeability, work with mixture D was na 
Sand Mixture A B C D discontinued and results are not shown for it in Tables the 
Coarse Silica Sand 61.33 90.0 $ 4and 5 nm 
° - Js ec we aSS 
Fine Silica Sand 94.0 95.0 : : e aes 
iestinn 80 10.0 Specimens of the same sands were rammed in 3 ness 
Bentonite 6.0 4.0 standard 2-in. inside diameter specimen tube using 4 : 
Silica Flour 30.67 me standard AFA rammer and the density obtained by th r 
Cereal Binder —- — 1.0 relationship: es 
Physical Properties wali 
Moisture, per cent. 6.6 2.8 2.8 2.8 . : weight (in lb.) gree! 
1Green Permeability 38 100 29 590 Density (Ib. /cu. ft.) ~ eae an om Tt) for t 
'Green Compression, psi. 7.8 10.0 4.8 6.0 —T : dete. . ond 
1Green Deformation,in/in. .024 015 .017 .019 In the case of a 2 in. diameter sand specimen weighins as 
IDensity, lb. /cu. ft. 125 96 94 105 165 grams: If 
Retained on Screen Analysis 1651 /454 0.36 V1 
U. S. Sieve Number Percent Retained D t “al th : " . 200 nsi 
ensity= mlength = = — n 
6 7 —_———___ length X —— _fengtl 
12 ot wm .06 1728 . 1728 Dy 
20 5 - a 1.54 200 Dy 
30 19.9 3 a 40.1 Density = pa a 
40 37.2 1.2 .2 41.5 length (in in.) 
) ~ « ’ y 7 7 ° ° ° . 
~ “ sa = ~f" When the specimen weight is 194 grams, this be 
, 29. Za ; ie 
100 2 43.7 3.1 6 ° Fe Pe 
nts n+ Density = ————-——~ 
140 .6 14.4 36.8 .6 4 length (in in.) 
200 1.6 3.0 35.0 _ 
270 2.9 6 14.2 an +r c . : 
: [TABLE 2.—CHEMICAL ANALYSIS OF IRON 
Pan 11.3 4.8 a — 0 
Average Grain Fineness 43.1 70.8 137.4 att Carbon 3.5 
A.F.A. Clay Content, Per Silicon 1.95 
Cent. -oseees S19 6.0 4.6 9.6 Manganese 0.65 ; 
'These tests made on 2 in. diameter, 2 in. long specimen rammed Sulphur 0.095 ' 
Phosphorus 0.40 il 


according to A.F.A. procedure. 
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Fig. 3—Sections of solidified metal shell from c) 


the weight of the sand and diameter of the speci- 
constant, density is proportional to length. In 
to facilitate the measurement of sand density, the 
shown in Fig. 4 was used. This instrument indi- 
the length of the standard green sand specimen as 
ned. The scale of this instrument reads directly in 
r cu ft. 


Using the indicator described above, 2x2-in. speci- 
of sand were rammed to varying degrees of com- 
tness and their density determined. Five mold hard- 
readings were taken on each end of each sand 
ecimen. Each hardness value reported in Table 4 is 
was in average of 10 observations or more. The density of 
sand at the surface of the experimental mold was 
issumed to have the same correlation with mold hard- 
in a ness as the 2x2-in. specimens described in Table 4. 


* Using the same technique, the density of the mold for 
a wedge-type casting was determined. Both mold 

rdness and density measurements were made on 
green sand. All densities mentioned in this report are 
for the sand in the green state. Density of the dried 
sand can be estimated as follows: 


if a green sand containing 5 per cent moisture and 
ving a density of 100 lb/cu ft were dried, its dry 
ty would be: 


Dry density 


Dry density 


100 (100 per cent 
95 lb/cu ft 


5 per cent) lb/cu ft 


Solidified Metal Shell Thickness 


ngs Made in Dried Mold—The solidified metal 

emaining on the inside surface of the mold made 

the cylindrical test pattern had a rough and irreg- 

nside surface as shown in Fig. 3. The top and 

— 1 of the cylindrical casting were cut off and a 
n about 4 in. in length remained. This shell was 

to four pieces, each piece coinciding with one of 

t sands. The pieces were weighed and measured. 

ickness values reported are calculated from sur- 














\verage 

Sand Molding Sand Metal Thickness 
Mixture Densit Ibs /cu ft Inches 
( S| 0.913 
Lb Q5 0.270 
\ 22.5 0.330 
B 41.5 0.235 





imdrical density test pattern 








Fig. 4—Density Indicator 
Mounted on Sand Rammer 


face area and weight. The test data showing the average 
thickness of the metal which had solidified 10 min afte 
pouring is tabulated in Tables 5 and 6. 
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TABLE 3.—MOLD HARDNESS SURVEY, 
CYLINDRICAL TEsT MOLD 
Sand Mixtures A B B Cc 
88 69 40 
81 72 80 45 
Rt) 69 76 50 
69 Ss 55 
80 72 5 52 
¢ 74 3 53 
79 7 a | 
5 y 4 i 
84 l ( +0 
RO 3 76 
Average 80.3 1.2 750i 49 
Number of Tests 10 ) 9 8 
Standard Deviation ~ aed 2.5 1.9 4.64 





TABLE 4.—DENSITY AS RELATED TO 
Mo.p HARDNESS 





Mold Density, Lb 
Sand Mixtures Hardness cu. ft. 
A 71 113.5 
72.5 116.5 
Fp 119.0 
80 122.5 
84 126.0 
B 66 88.5 
71 91.5 
72 92.5 
76 95 
77 96 
( 41 79.5 
49 81 
57 82.6 
68 89.5 
59 95 
73 101 
82.5 105 


Tests made on 2 x 2 in, dia. test specimens. 





Casting Made in Green Sand Mold—The sections of 
solidified metal as obtained from the wedge test pat- 
tern, Fig. 3, three minutes after pouring are shown in 
Fig. 5. The height of the solidified metal in the wedge 
section is tabulated below: . 


Sand Mixture Cc B A 
Height of Wedge inin....... 1.3 1.5 2 
Sand Density in Ib /cu. ft.... 80 90 119 


A graphical presentation of the effect of sand density 
on the rate of metal solidification is shown in Figs. 6 
and 7. 





Fig. 5—Sections of Wedge Type Density Test Castings 





DENSITY OF MOLDIN« 


Dietert and Doelman? demonstrated in previou 
that heat flow into molding sand increases with 
density. Table 7 and Fig. 8 show the sands used 
the thermal conductivity of these sands at variou 
peratures. Using the thermal conductivity values 
work, the thermal conductivity of the sands used i 





report were est imated. 


Discussion 


The relationship of density to mold hardness o 
compression test specimens was assumed to be thx 
as the relationship of mold hardness to density of an 
actual mold when the same batch of sand was used for 
both tests. 

It is realized that the technique of using mold hard. . 
ness as an indicator of density involves some « 
However, it is the only non-destructive technique 
able at the present time, and foundrymen are 
tomed to mold hardness as an index of density of 


5 


ramming. 
From the casting tests made, it is evident that as san 
increases in density it has a more chilling effect upon 
the metal. 
It has been established by Dietert and Doelman’ that 
thermal conductivity of sand increases with sand der ( 
sity. From their test data, which was obtained on Ot- 
tawa silica sands similar to the ones used in these experi- 
ments, it is possible to make an estimate of the probabl 
thermal conductivity of the sands described in Table | 
of this paper. 


] 


TABLE 5.—EFFECT OF DIFFERENT SANDS ON 
SOLIDIFICATION OF GRAY IRON IN A 
Dry SAND MoLp 
Poured at approx. 2450°F. 





Sand Mixture A B B ( 91.5 


!1Thermal Conductivity, 
ae -- 10.3 9.3 Mt Uy 
Mold Hardness (green) 80 76 71 onst 
*Density, Ib. /cu. ft. 100.5 95 91.5 8 ee 
Average Thickness of 
Chilled Metal, in.... .. .33 .274 235 | 
IBtu/hr/ft ?/deg. F./in. Measured at 2300°F. This value is indi. 
estimated from tests made on similar sands, For complet 
see reference No. 7 
*Density is estimated from the correlation between density 
mold hardness recorded in Table 4. 





TABLE 6.—EFFECT OF DIFFERENT SANDS UPON 
SOLIDIFICATION OF GRAY IRON IN A 
Dry SAND MOLp 110 


Orono 


Poured at approx. 2525°F. 





Sand Mixture A D B 
IThermal Conductivity, 

‘ ie — 12.2 to 
Mold Hardness (green) 44.5 73 66 
*Density, Ib. /cu. ft.......115 101 85 
Average Thickness of 

Chilled Metal, in. ..... 0.210 0.217 0.150 
1Btu/hr/ft 2/deg. F./in. Measured at 2300°F. This 
estimated from tests made on similar sands. For complet 
see reference No. 7. 

‘Density is estimated from the correlation between der 
mold hardness recorded in Table 4. aie 
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{mount of Metal Solidification, Cylindrical 
Pattern Dry Sand Mold 


Castings made with sand mixture D exhibited the 
nomenon of metal penetration. This sand differed 

irkedly from the other sands in that it had a per- 
ibility of 590, whereas the sand mixtures A, B and C 
permeabilities of 38, 100, and 29, respectively. It 
»bserved that the amount of metal which solidified 

‘inst sand D was greater than could be attributed to 
density of this sand (Fig. 6 and Table 6). It was 
rred therefore, that permeability also affects ther- 

il conductivity and hence affects chilling action of 
sand. 


Sand mixture B when rammed to a mold hardness of 
91.5, chilled 0.235 in. of liquid iron. When rammed to 
i mold hardness of 95, this same sand chilled 0.274 in. 
{ liquid metal in the same mold (Table 5). This dem- 
onstrates that harder ramming increases chilling effect, 
other factors being equal. 

Che evidence presented in this paper is sufficient to 
indicate that it would be worthwhile to conduct further 
investigation into sand density and other factors which 
affect the rate of chilling of metal in sand molds. 


Conclusions 


Either a cylindrical or wedge-shaped pattern may 
sed to study satisfactorily the rate of metal solidifi- 
mn by the mold bleeding test. The wedge-shaped 
pattern requires the least amount of pattern 

quipment, and it is easy to measure the height of the 
\| sclidified in the wedge section, thus making it a 
easier to use than a cylindrical pattern. 


Che density of molding sand, whether controlled 
degree of ramming or by choice of ingredients, 
\erts sufficient influence on the rate of metal solidifica- 
1 gray iron to make it of practical importance. As 
lensity of the sand increases, the rate of metal 
fication increases. Thus, the density of the sand 
iffect the structure of the metal and the manner in 
the casting shrinks. 
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LP ABLE 7.—PROPERTIES OF SANDS USED FOR ]THERMAI 
CONDUCTIVITY MEASUREMENTS? 

Sand Sample No No. 1 No. 2 No. 3 No. 4 
Grade , ; Coarse Fine Fine Coarse 
Mesh—through 30 100 100 10 
Mesh—on 10 140 140 0) 
Percentage Western Ben- 

tonite { 4 4 { 
A.F.A. Green Specimen 

Weight in Grams 164.1 140.6 130.5 164.1 
A.F.A. Dry Permeability . 1250.4 4.5 110.0 1503.0 
Thermal Conductivity 4in. dia. 4 in. dia. 4 in. dia. 4 in. dia. 
Specimen Size .....+. 1 in. thk, 1 in. thk. 1 in. thk. 1 in. thk. 
Density , 1.595 1.363 1.26 1.363 
Wt. /cu. ft... 100.6 89 80.0 89.7 
Mold Hardness 63 63 45 50 
Specimen Weight in 

Grams, dry , sic ae 274.9 250.6 274.9 
Specimen Volume, cc. 205.91 205.91 205.91 205.91 
Thermal Conductivity? at 

2300° F. 11.9 8.8 6.1 
Thermal Conductivity? at 

2000° F. a 9.7 6.8 5.1 6.9 
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Fig. 8Relationship between Thermal Conductivity 
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3. With sands of exceedingly high permeability, for 
example 600, one can expect large void spaces opening 
up into the mold cavity into which molten metal would 
flow, thus making greater surface contact with the 
molding sand. ‘This causes the heat transfer to be 
greater than one would expect from the thermal con- 
ductivity of the sand. 


t. It is recognized that density of molding sand is 
not the sole factor that affects the rate of metal solidi- 
fication of a casting due to heat absorption from the 
molten metal. Such factors as moisture, permeability, 
mold atmosphere, void size, gaseous reaction within the 
mold and others contribute to this phenomenon. 

5. Mold hardness must be controlled to exercise 
control over the density of a sand in a mold. A 10 per 
cent change in mold hardness may mean a 10 per cent 
change in the density of some sands. 
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Part Two 
Effect of Variables on Sand Density 


Foundry test work described in Part One of this paper 
demonstrated that the chilling effect of sand is depend- 
ent in part upon the density of the sand as rammed ina 
mold. The control of sand density is therefore, impor- 
tant to the production of good castings. This investiga- 
tion was undertaken in order to find out the relation- 
ship between density of molding sand and some of the 
other sand properties. 

In order to cover as wide a range of properties as 
possible, 45 test patches of sand were carefully weighed 
and mixed in a laboratory muller according to AFA 
standard procedures. Except in the cases where mois- 
ture was deliberately varied, the sand was tempered to 
the best workable moisture. If moisture had been held 
constant in a series of test sands, some mixtures would 
have been too dry and some too wet for molding. It was 
considered more practical to temper the sand to its opti- 
mum point by feel. At this point, green deformation is 


about 0.015 in/in. 

\ density indicator (Fig. 4) was used to measure the 
height of the specimen after it was rammed in a stand- 
ard AFA rammer by three drops of the weight. By using 
an exact weight of sand, the density in Ibs per cu ft is 
indicated directly from the rammed specimen length. 





DENSITY OF MOLDING S 


lable 8 and Fig. 9 show the effect of moisture cont 
on the density of four different molding sands. O: 
sand properties are also tabulated in Table 7 w! 
help to describe the sands under observation. 

lo study the effect that clay content of molding s 
would have upon the density, mixtures were made 
of an AFA standard testing sand and various perc 
ages of fireclay type bonding clay from 8 to 16 per « 
These sands were mixed for four minutes in a labora 
tory muller. The test data covering the effect of per 
centage of clay on the density of sand is tabulated 
Table 9 and graphically in Fig. 10. 

A study of molding sand density would not be com 
plete without determining the influence of grain siz 
Five sands were prepared of different finenesses, rang. 
ing from an average grain fineness of 28.4 to 140.7 
These sands were bonded with 12 per cent fireclay typ: 
bonding clay and mulled in a laboratory size muller 
The test data is tabulated in Table 10. 

Four sands were prepared by screening washed and 
dried Ottawa silica sand. The spread in grain size was 
progressively increased. Twelve per cent fireclay typ 
bonding clay was added to each sand and sufficient 
water to bring it to the best workable moisture. The 
sands were mixed for four minutes in a laboratory 
muller. Fig. 11 shows the cumulative screen analysis for 
the four sands and the density obtained. 


[as_r 8.—Errrect oF MOISTURE UPON DENSITY 
Standard A.F.A. Ramming Method 





A.F.A, Std. A.F.A. Std, 
Sand with Sand wit 
Albany 4% 12% 
Type of Molding Heap Sand Bentonite Bond Cla 
Sand Sand 
Mois- Den- Mois- Den- Mois- Den- Mois- Di 
ture sity ture sity ture sity ture t 
5.0 104.2 3.9 99.2 1.5 93.0 2.4 
5.55 103.4 4.5 100.4 1.75 92.8 3.0 
6.0 104.4 5.4 101.8 2.0 92.3 3.8 
6.5 104.9 6.2 106.4 2.25 93.4 5.0 
3.7 94.5 5.5 107.8 
4.1 96.5 
4.6 96.8 


Physical Properties 


Moisture, % 6.4 5.4 1.9 
Green Permeability 8.5 109.0 227.0 15 
Green Compression, psi. 14.5 8.6 5.4 8.8 
Green Deformation, in /in. 014 .0165 .015 18 
Flowability, % 61 66 83 8 
Screen Analysis 
U.S. Sieve Number Percentage Retained 
6 d 
12 ia 8 
20 . 3.6 
30 + a2 04 
40 3 9.8 06 
50 1 6.6 2 
70 1.4 47.8 95.1 
100 9.5 10.0 .6 
140 19.7 4.4 a 
200 18.5 1.5 oa 
270 11.0 8 
Pan 19.2 1.1 - 
Average Grain Fineness 165.4 54.5 50.2 
A.F.A. Clay Content. .. 19.8 10.4 3.8 
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PERCENTAGE MOISTURE 


Fig. 9—Effect of Moisture upon Density 
in Different Sands 


Sand Density vs. Mold Hardness 


In order to obtain the wide range of ramming neces- 
to show the re lationship between mold hardness 


} 


density, shown in Table 11, the following proce- 


ire was adopted. Starting with a weight of 120 grams, 


sand was placed in the specimen tube and then 


mmed until the specimen was found to be 2 in. long 

s shown by the density indicator. The sand specimen 
is then carefully removed from the tube and 5 mold 
irdness readings taken on each end of it. 


Increasing weights of sand samples were used and 


c 


ich one was rammed with increasing effort to the 2 in. 
neth, recording the mold hardness on each end. The 


il sample weighing 180 grams required about 20 

yps of the standard AFA rammer in order to ram 
sample to a 2-in. length. The mold hardness and 

nsity of these sand specimens is given in Table 12. It 
ident that the density of a molding sand can be con- 
ed to a considerable extent by the hardness to 
h it is rammed. For example, the bentonite bonded 
| has a density of 75.8 Ib/cu ft at a mold hardness of 
When the mold hardness is increased to 88.5, the 
sity is 93.9 Ib/cu ft. Density is more closely related 
id hardness than to any other variable. 


Discussion 


iges and Morey! showed that there is an optimum 
ture content at which density of rammed sand is 
west. Increasing moisture beyond this point re- 
in increased density. They also showed that density 





Isl 


of rammed sand increases with clay content. The results 
of this investigation tend to verify the work of Briggs 
and Morey. 

The investigation of the effect of clay on density was 
determined when the sand was tempered to the opti 
mum moisture content. It is apparent that some sands 
can be used with a much wider range of moisture con- 
tent than others without encountering a wide variation 
in density. The Albany sand examined, for example, 
did not change appreciably in density with wide varia 
tions in moisture. Sands which are sensitive to slight 
changes in moisture, for example, heap sand as shown 
in Fig. 10, will require much closer control than an 
insensitive sand. It is apparent therefore, that the con- 
sistency of mold hardness and mold density in the foun 
dry depend in part on selection of sands and binders. 

An increase in the spread of grain distribution causes 
a rapid increase in the density of rammed sand. Sand 
with a uniform grain size possessed a rammed density 
of 100.5 Ib/cu ft. When the majority of the sand grains 
were spread over three mesh sizes, then the density 
ft. When 90 per cent of the 
sand was spread over six mesh sizes, the density of the 


increased to 105.2 Ib/a 


rammed sand was 115.6 lb/cu ft. Brinson? states that a 
wide grain size distribution gave superior thermal sta- 























DP ABLE 9.—EFrrrct or CLAY UPON DENSITY 
Percentage Percentage 
Fireclay [ype A. F.A Percentage 
Bonding Clay Standard Sand Moisture Density 
ra) 7 
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Fig. 10O—Effect of Clay on Density of AFA Testing Sand 
(Fire-Clay Type Bonding Clay) 
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PABLE 10. 


EFFEC! 


OF GRAIN SIZE UPON DENSITY 





Sand Number 


C-1 C-3 C-5 C-6 C- 





DENSITY OF MOLDING § 



































U. S. Sieve Number Percentage Retained 
12 14 — - 
20 560 » 2 2 
30 31.1 8 2 l 
40 50.5 8.4 4 5 2 
50 1.0 43.0 1.0 6 2 
0 1.8 32.4 75.2 4 ee 
100 ) 2.7 9.4 3.0 4 
140 l 9 2.0 68.0 15.4 
200 | 4 1 14.7 60.2 
270 ; 2 a ) 11.2 
Pan 2 —_ 4 4 .0 
Average Grain Fine- 
ness 28.4 44.8 54.3 105.8 140.7 
A.F.A. Clay Content 10.8 11.0 11.0 11.6 11.6 
Physical Properties 
Density, Ib. /cu. ft. 104.3 104.6 103.0 101.0 102.8 
Moisture, Percent 2.6 2.9 2.8 3.6 3.6 
Green Permeability 530 180 130 35 19 
Green Compression, 
psi. . ae ‘< mae 12.5 9.0 7.4 rp 
Green Deformation, 
OO? a ner .012 O11 .016 .016 .019 
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SCREEN SIZE RETAINED ON MESH 


Fig. 11—Effect of Grain Spread upon Density 


bility to a molding sand and prevented buckles. Since 
grain spread and density are related, density might 
prove to be a useful indication of refractory properties 


of a sand. 


Tasie 11.—Errecr oF GRAIN DISTRIBUTION 
UPON DENSITY 
Sand Number C-5 C-4 C.3.4.6 C-1-3 > 
U S. Sieve Number Percentage Retained 
12 . 
20 2 3 
51) 2 1.2 { 
40 ; 4 14.0 18 
) 1.0 35.0 23.8 13 
70 75.2 25.7 17.3 12 
100 9.4 16.7 4.4 ,. 
140 2.0 8.6 pe 1 S 
200 a de 5.2 15 
270 1 4 J 2 
Pan 4 ~ 3 
A.F.A. Clay Content 11.0 11.0 11.0 11 
Physical Properties 
Density, lb. /cu. ft 100.5 105.2 109.2 11 
Moisture, Percent us 2.8 2.9 4.0 
Green Permeability 130 190 74 3 
Green Compression, psi. 9.0 11.3 8.8 7.8 
Green Deformation, 
in /in. .016 .012 .023 
TABLE 12.—DENsITy AS RELATED TO 
Mop HARDNEss 
Weight of 
2x2 in. ; 
Density, specimen 
Ib/cu. ft. in grams Mold Hardness* 
88% A.F.A 
100% Albany 96% A.F.A. Sand 
Molding Sand 12% Bor 
Sand 4% Bentonite Clay 
6.4% Water 1.9% Water 3.6% Water 
66.7 110 —_ 12 
69.7 115 12 18.5 so 
72.7 120 _ 33.5 10 
75.8 125 — 48 15 sta: 
78.8 130 38 53 30 ” 
81.8 135 — 60 38 
84.8 140 57 72.5 42 . 
87.9 145 — 78.5 65 ran 
90.9 150 71.5 86.0 71 Th 
93.9 155 76 88.5 80 for 
97.0 160 84 91.5 85 104 
100.0 165 89 93 90 gid 
103.0 170 91.0 one 93 
106.0 175 94.5 Hs 95 nee 
109.0 180 -— — 96 ] 
*Each value is an average of 10 or more observations wei 
be 
Ash and Lissell* have indicated that rammed sand wel 
composed of round grains is more dense than rammed that 
sand made up of angular grains. It was noted that the ness 
sand selected for grain size, described in Table 19, mil 
varied in grain shape. The coarse grains were rounded, 
the finer grains were angular. AS 
Conclusions 0 
Density of molding sands as determined by measuring 
the volume and weight of a 2x2-in. specimen rammed a 
by the standard AFA procedure is affected by the follow 
ing variables: a 
1. Density increases with mold hardness. 
2. Density increases with moisture content. 
3. Bentonite bonded sand has a lower density than 
18SI- II 


fireclay bonded sand of the same grain shape and 


fication. 
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Density increases with clay content 
Coarse sand has a slightly higher density than fine 


\ sand that has a wide spread in grain size will 
. higher density than a sand which has grains all 
al size. 

above conclusions apply to sands te mpered to, 


ir, the optimum moisture content. 
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Part Three 
Effect of Ramming Method on 
Sand Density 


the foundry, sand is rammed by jolting, squeezing, 
ing, butt-ramming and blowing. It was decided to 
the effects of these different methods of compact- 
ing upon the density of molding sand. 

Using density as an index of the effectiveness of the 
ramming procedure, a comparison of these ramming 
thods, with the exception of slinging, was made. 

Sand properties were varied in order to see how the 
density of sand rammed by various methods was 
ffected. 

Forty-five different sand mixtures as used and de- 
scribed in the second section of this paper were avail- 
able for this investigation. 

Reproducible butt ramming was obtained by using a 
standard AFA sand rammer, equipped with a density 
indicator as shown in Fig. 4. The degree of ramming 
was changed by altering the height from which the 
rammer weight was dropped and the number of drops. 
The sand samples were weighed to exactly 165 grams 
for sands ranging from 80 to 120 lb/cu ft density, and 
194 grams for sands ranging from 120 to 140 Ib/cu ft. 

Figure 12 shows the device used to prepare a sand 
specimen by jolting. A standard specimen tube with a 
plug in the lower end was used. A small cope weight 
weighing 200 grams was placed on top of the sand to 
be jolted. This weight was intended to represent the 
weight of 4 in. of loosely packed sand. It was found 
that 9 drops from a 434 in. height gave a degree of hard- 
ness similar to that obtained by the AFA standard ram- 
ming procedure. 

For the squeezing type of ramming, an air squeezer 
as illustrated in Fig. 13 was used. The squeezing force 
was obtained from a 2-in. inside diameter cylinder using 
0 psi air pressure. This method of squeezing gave a 
mold hardness on a 2-in. diameter specimen approach- 
ing that obtained by AFA standard method of ramming. 

gure 14 illustrates the equipment used to blow 
-x--in. specimens of molding sand. Three hundred 
grams of sand were loaded into the hopper on 
{a paper diaphragm. The vent at the bottom of 
pecimen was 2 in. in diameter. An air pressure of 
‘) psi was suddenly applied in the sand hopper caus- 
the paper diaphragm to break and allowing the 
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Fig. 12—Equipment for Jolt Ramming a 2x2-in. 
Sand Specimen 


sand to be blown into the specimen tube. The bottom 
of the sand reservoir consisted of a plate. When this 
reservoir was slid over the top of the mold, the specimen 
was sheared to a 2-in. length. Some patching was done 
with a slick to insure that no cavities existed in the top 
of the specimen. 


In the study to determine the sensitiveness of butt, 
jolt, blow and squeezing ramming to a change in the 
moisture content of a sand, the four sands as described 
below were selected: 


1. A natural bonded Albany sand. 
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Fig. 13—Equipment for Squeezing a 2x2-in. 
Sand Specimen 


2. A heap molding sand. 

3. A synthetic molding sand consisting of AFA 
standard testing sand bonded with 4 per cent western 
bentonite. 

4. A synthetic molding sand consisting of AFA 
standard testing sand bonded with 12 per cent bonding 
clay. 

Batches of each type of sand were prepared with dif- 
ferent moisture contents. With each method of ram- 
ming, 2x2-in. test specimens were compacted for each 
moisture content. The density of the sand was read 
directly from the density indicator for butt ramming. 
For all other types of ramming, the density was com- 
puted from the length and weight of the specimen. 
When 165 grams of sand are used, 

200 
density (lb/cu ft) - 
Height (in.) 
When 194 grams of sand are used, 
235.5 
density (lb/cu ft) . 
Height (in.) 


The test data obtained from the work on the effect 
of moisture upon density of sand is tabulated in Table 
8. The relationship between moisture content and den- 
sity obtained by each type of ramming is shown graph- 
ically in Fig. 15 for Albany sand, Fig. 16 for heap 


DENSITY OF MOLpIN« 


sand, Fig. 17 for bentonite sand and Fig. 18 for 
bonded sand. 

A change in clay content of a sand produces an a) 
ciable change in practically all other sand prope: 
Thus, a change in clay content would be expect 
have some effect on the effectiveness of the diffe 
types of ramming, using density of the sand as ran 
as the index. 

For this study, AFA standard testing sand, bo: 
with a fireclay type bonding clay and tempered 
best workable moisture content, was used. Ram 
2x2-in. specimens were made by the butt, jolt, blow 
squeeze method of ramming. The test data is fo 
tabulated in Table 13 and graphically illustrat 
Fig. 19. 

Five Ottawa silica sands of different grain finer 
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were bonded with 12 per cent bonding clay and ten 
pered to the best workable moisture content. Sand 


specimens 2x2 in. in size were rammed by butt, jolt, 
squeeze and blow. The density of the rammed speci 
mens obtained from each method of ramming is tabu 


) 


b 


a 


lated in Table 14 for each sand ranging from an ave. 


age fineness number of 28.4 to 140.7. 


Ingredients such as seacoal, cereal binders, wood 


flour, wood sulphates and silica flour, all change th 
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Fig. 14—Equipment for Blowing a 2x2-in 
Sand Specimen 
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folding Sand Rammed by Four Different Methods Rammed by Four Different Methods 


Fig. 18—Effect of Moisture on Density of AFA Test 
Sand Bonded with 12 Per Cent Fireclay, Rammed 
by Four Methods 


17—Effect of Moisture on Density of AFA Test 
Sand Bonded with 4 Per Cent Bentonite, 
Rammed by Four Different Methods 
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Fig. 19—Effect of Clay Content upon Density of 
Sand Rammed by Four Different Methods 


TABLE 13.—EFFect oF CLAY CONTENT AND RAMMING 
METHOD UPON SAND DENSITY 





Density, Lb. /Cu. Ft. 
Percent 


Clay Moisture A.F.A. Butt 


Addition Percent Ramming Jolt Squeeze Blow 
6 2.2 96.1 96.4 95.4 91.9 
8 1.8 97.6 97.7 97.0 94.1 
10 2.4 99.2 98.7 99.4 95.2 
2 2.75 100.3 98.6 100.6 94.9 
14 3.3 102.0 100.1 102.5 94.7 
16 4.2 103.6 99.4 104.2 85.0 
Maximum Change 
in Density +7.5 +3.7 +8.8 —10.2 





TABLE 14.—ErFrect oF GRAIN SIZE AND RAMMING 
METHOD UPON SAND DENSITY 





Density, Lb./Cu. Ft. 





Average on 

Fineness Moisture A.F.A. Butt 

Number Percent Ramming Jolt Squeeze Blow 
28.4 2.6 105.6 104.2 106.2 98.4 
44.8 2.9 104.6 104.0 105.9 99.7 
54.3 2.8 100.5 98.9 100.6 92.0 
105.8 3.6 99.7 97.5 99.5 96.8 
140.7 3.6 101.7 98.4 101.9 97.9 

Maximum Change 
in Density 5.9 —5.8 —6.7 —7.7 





main physical properties of a sand, and thus they natu- 
rally would be expected to have an influence on how 
densely a sand would be packed by different methods of 
ramming. Batches of AFA standard testing sand bonded 
with 12 per cent clay and containing the various ingre- 





DENSITY OF MOLDING 


TABLE 15.—EFFECT OF VARIOUS INGREDIENTS ON D: 1 
OF SAND RAMMEp BY A.F.A. Butt RAMMING 











Clay, Moisture, De 

Ingredients % w/A Lb. /( 
33% Silica Flour 12 5.4 
50% Silica Flour 2 6.1 
25% Silica Flour 12 4.8 

10% Silica Flour 12 4.0 

1% Wood Sugar 12 a 

1% Wood Flour 12 3.7 

1% Pitch 2 2.84 
None 12 2.7 

6% Seacoal 2 3.3 

1% Dextrine 12 1.8 

1% Cereal Binder 12 2.0 
TABLE 16.—EFFrECT OF VARIOUS INGREDIENTS ON Density 

OF SAND WHEN RAMMED BY SQUEEZING 
Clay, Moisture, De: 

Ingredients q % Lb. /¢ Ft | 
10% Silica Flour . 12 4.0 1 
None : 12 ray | 1 

1% Wood Flour. . 12 he 

1% Pitch 12 2.84 

1% Cereal Binder...... 12 2.0 

1% Wood Sugar 12 oe 

6% Seacoal . 12 3.3 

1% Dextrine 12 1.8 )4 “ 

Blo 





TABLE 17.—EFFECT OF VARIOUS INGREDIENTS ON DENsIT 
OF SAND RAMMED BY JOLTING 





Clay, Moisture, Densit . 
Ingredients % % Lb. /¢ Ft 4 
10% Silica Flour....... 12 4.0 10 
1% Wood Sugar. . a 2.7 102 mn 
1% Wood Flour....... 12 pe 10: 
i eee 12 2.84 101.4 
PB tka o Sanaa ein 12 Te 10 | 
6% Seacoal..... 12 3.3 98.8 | 
1% Cereal Binder. 12 2.0 | 
1% Dextrine. . 12 1.8 





TABLE 18.—EFFECT OF VARIOUS INGREDIENTS ON DENSITY 








OF 2x2-IN. SAND SPECIMEN RAMMED BY BLOWING | 
Clay, Moisture, Density 
Ingredients a % : % Lb. /Cu. Ft 
Se ee 12 a7 100.3 
1% Wood Flour....... 12 98 
| Ee 12 2.84 8.3 
10% Silica Flour . . 12 4.0 95.2 
1% Wood Sugar....... 12 a7 
1% Dentrine.......... 12 1.8 2 a 
GF Sencedl. ........+. 12 3.3 5 9 
1% Cereal Binder...... 12 2.0 88.1 
dients named above were prepared with the best work ’ 
able moisture content for gray iron molds. 7 


The effect of different ingredient additions on the 
density of the sand rammed with butt ramming ob 
tained by three drops of the AFA rammer weight is ‘ 
tabulated in Table 15. In Table 16 is found tabulation 


of density for squeeze ramming, for jolt ramming in : 
Table 17 and for blowing in Table 18. 2 
Discussion 
Further work will be required to supply more com: 


plete details on the subject of ramming methods ané 
their effect upon the density of the compacted san¢ 
From the work done to date, it is evident that sand com 
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the foundry should consider the characteristics 
sand being used and also the method of ramming. 
foundryman desires to produce molds of con- 
roperties, every mold should have the same hard- 
d density. If a consistent ramming procedure 
control over the sand properties must be main- 
closely enough to prevent wide variations in 


experiments reported in this paper indicate 
of the factors which will affect the density of 

Moisture, clay content, grain size and distribu- 
nd additives have been found to affect density. 
exact nature of the relationship between the 
variables and the density of the mold will vary 
different sands and with different methods of 
ing. 


Conclusions 


following conclusions are based upon the limited 
nt of experimental evidence available at this date. 
were made at or near the best workable moisture 
nt of the sand. With sand on the dry or wet side, 
y different results might be obtained. 
Butt, jolt and squeezing forms of ramming are 
iffected by a moisture change than blow ramming. 
n cores or molds require much closer moisture 
| than is necessary for other molding procedures. 
Some sands, such as Albany and western bentonite 
led sands, show less density change in the rammed 
ndition than do other clay bonded sands. 
Jolt ramming is affected less by a change in clay 
ntent than butt or squeeze ramming. 
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4. ‘The density of rammed sands increases with clay 
content when rammed by butt, jolt and squeeze 
methods. 

5. The density of blown sands is affected by clay 
content. The test mixtures used in this investigation 
had the highest density when they contained 10 per cent 
clay. 

6. As the grain size is decreased, density of rammed 
sand decreases when rammed by butt, jolt, squeeze and 
blow. 

7. The blow method of ramming sands is more 
sensitive to a change in grain size than jolt, butt or 
squeeze ramming. 

8. The addition of seacoal, dextrine and cereal 
binders to a clay bonded sand caused a reduction in the 
density of the sand when rammed by butt or jolt. 

9. The density of blown sand was decreased by each 
one of the materials added to the base mixture. 

It would seem therefore, from the foregoing experi- 
mental results that the control of sand properties for 
blowing and for jolting requires different considera- 
tions than when sand is prepared for butt ramming and 
for squeezing. If density is used as a measure of ram- 
ming efficiency, sand mixtures must be developed to suit 
each method of ramming. 


Appendix A 
Reproducibility of Mold Hardness Tests—A batch of 
the heap sand described in Table 8 was retempered and 
mixed for four minutes in a laboratory muller. The 
moisture content was 4.2 per cent and the flowability 
75 per cent. 
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MOLD HARONESS 


Fig. 20—Variation of Mold Hardness Tests on 2-in. Dia. Specimen Rammed with One Drop of Rammer 
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MOLD HARDNESS 


Fig. 21—Variation of Mold Hardness Tests on 2-in. Dia. Specimen Rammed with Three Drops of Ramn 


9) 


[en specimens were formed in a 2-in. specimen tube 


by one drop of the standard AFA rammer. Density 
measurements on the ten samples are shown in 
Table 19. 

Ninety-nine mold hardness values were taken on the 
ten sand specimens. Five readings were taken on each 
end of the spec imen. These observations are shown in 
Fig. 20. 

From the same batch of sand another ten specimens 
were compacted using three drops of the standard AFA 
rammer. Density measurements obtained are shown in 
Table 20. 

Mold hardness measurements made on the above 
specimens are shown in Fig. 21. The results of the fore- 
going experiments are summarized in Table 21. 


TABLE 20.—DENSITY OF 
10 THREE-Drop RAMMED 
SPECIMENS, LB/CU FT 


PABLE 19.—DENsITY oO} 
10 Onr-Drop RAMMED 
SPECIMENS, LB/CU F1 





101.3 101.1 107.5 107.8 
100.9 100.5 108.0 108.4 
100.8 100.0 108.5 108.5 
101.5 100.9 108.6 108.5 
100.9 100.8 108.2 108.4 
Average = 100.87 Ib /cu ft Average = 108.24 lb/cu ft 


Standard deviation Standard deviation 
0.4 Ib /cu ft 0.18 lb/cu ft 





TABLE 21.—STANDARD ERROR OF MOLD HARDNESS 
OBSERVATIONS 











No. of Rams No R 

Density 1 
Average Density, Lb/cu. ft.. ...100.87 108 
No. of Observations 10 
Standard Deviation, Lb/cu. ft. 0.4 
Mold Hardness 
Average Mold Hardness ’ 72 
No. of Observations ; 29 
Standard Deviation 6 
Standard Error of Average of 10 

readings 7” 1.9 





Some error is involved in that neither the mo 


the 2-in. specimen can be considered to be uniforn 


density. However, the mold hardness test is at prese! 
the only practical means of evaluating the density 


rammed molds. 


Appendix B 


In order to present the information clearly, a 


figures were reported in many cases. Complete data | 


one experiment are recorded in Tables 22 an 


indicate the variation in observations obtain¢ 


different ramming methods. 
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\BLE 22.—EFFECT OF MOISTURE AND RAMMING ‘TABLE 23.—VARIATION IN DENSITY OBSERVATIONS 
METHOD ON DeENsITy OF ALBANY SAND Relative consistencies of density observations made on rammed, 


olted, squeezed and blown sand 
Method of Ramming Standard deviation for group of four observations 


A.F.A. A.F.A 
Rammer Jolt Squeeze Blow Moisture Rammer Jolt Squeeze Blow 
874 1.41 
90 2.44 
’ 0.484 1.05 
102.5 100.6 102. 7 614 7 35 32 20 1.08 
103.5 101.4 104. Average Standard Deviation .55 79 1.5 
105.0 100.4 104. 3 For the above series of observations on Albany sand, the least con 
103.4 100.0 104. sistent results were obt ruined when the sand specimen was blown. Jolting 
gave the most uniform density 
103.6 Avg. 100.6 Avg. 104 / 
103.9 100.5 104, 
102.6 101.: 102. and calculate the density by formula as given in the papet 
103.7 100. 102.8 We know the density then of the 2x2 in. A.F.A. specimen 
103. 100. 102.8 : meets the A.F.A. tolerance length. Then we can use that same 
103 100.8 Avg. 103.1 , A sample of sand and ram up a specimen using the density indi 
104 100. 103. . cator and that specimen may not fall within the tolerance length 
104. 100. 103. od specified by A.F.A. But we arrive at the same density within 
104. 100. 103.! . 2.0 Ib. per cu. ft., which is within 2 per cent, which we feel is 
103. 100.6 104. ; close enough for measuring density of foundry sands for foundry 
104 100.4 Avg. 104 2 . . molding purposes 
104. 100.7 105. Mr. WiLtiAMs: Do you give it 3 rams? 
104. 101.2 105. ; Mr. Dierert: We give it 3 rams if we want to use the A.F.A 
104. 100. 103.: . method of ramming. Suppose that our mold was rammed to a 
105. 100.3 105.0 . hardness of 60 Then we want to find out the density of the 
104.9 Avg. 100.7 Avg. 104.8 Avg. .8 Avg. sand at 60 hardness. Then we could ram our specimen to 60 
hardness by adjusting the drops of the 14-lb. rammer weight 
There is another way of doing it. We could do it by calcula 


igan for his assistance in the preparation of the sands tion. We know the density of 80 hardness, which is 3 drops for 
some sands, and we can calculate then the density for a mold 


used in this investigation, and to Ray Wormley, Foun- 
; ca ‘ : Ke . hardness of 60. So there are several ways of arriving at the 
dry Superintendent of the United States Radiator Cor- ciainen: init dank dnik ae, Dee eke 


poration, Detroit, for his assistance in making the test Mr. Witt:ams: On page 177 there is a statement, “The 
density of the sand at the surface of the experimental mold was 
assumed to have the same correlation with mold hardness as 
the 2x 2-in. specimen described in Table 4." What would lead 








Density Density, Density, Density, 
Ib/cu. ft. lb /cu. ft. lb /cu. ft lb /cu. ft 
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castings. 
rhe design of the cylindrical test pattern for meas- 
uring the rate of metal solidification by draining a 


a 


, ioe ‘ ke you to make that assumption? 
partly solidified casting was patterned after a design Mr. Dietert: The mold hardness readings on a 2x 2-in. speci- 


ised by the Norfolk Navy Yards. men were taken on the surface of a sand specimen which lies 
R. L. Doelman of Miller & Company, Chicago, sug- against a metal surface. This would give us, then, the skin 


> 9 9 < " > - " " 
gested the wedge type test pattern and gave valuable hardness of a 2x 2-in. A.F.A. specimen that was produced when 
. the sand flows against a pattern. Thus, when we ram sand 


581 > in carrving sts. , 
ssistance In Carrying out the foundry tests against a firm surface, and when we measure the mold hardness 
of a mold in the foundry, we are only measuring the skin 
DISCUSSION hardness; we are not measuring the interior at all 
Mr. WituiaMs: Did you try that with your mold? 
— ‘ Mr. Drerert: Yes, we tried it with the mold hardness testing 
Chairman: H. F. Taytor, Massachusetts Institute of Technol- : by 6 
Mr. Witutams: Then, on page 178 in the second printed 
gv, Cambridge, Mass. 
: column, there is a statement regarding the conductivity. Is there 
Co-Chairman: B. H. Bootn, Carpenter Bros., Inc., Milwaukee, : “8 : 
any connection between Table 7 and Table 1? They are not 
7 , the same mixtures at all, as I understand. How can you say 
WittiaMs:! Do you have 165 grams on the density indi- ; 
; a ; , that there is any connection between the thermal conductivity 
lial in Fig. 4? Is it all based on 165 grams? Z 
7 d a of just straight sand,—between the mixtures you have in Table 7 
Dierert: No, that is not right. If we used 165 grams of : ; 
' and Table 1? Do you have any basis for making that com 
in all cases, then we would end up with a specimen that eal 
. ° — yaTisonyer 
be too short in some cases, or too long in others. They I ; ; , 

“cng arm. Mr. Dierert: Yes, we do have a basis for making that com 
fall too far outside of the A.F.A. tolerance limit. Thus, 
ind it necessary to use two different weights of sand that 
end up more closely to the length of two inches, as 


parison. In a previous investigation, we found that the heat 
absorption upon a molding sand was related to the density of 
: ; the sand. Knowing the density of the sand, we could then 
fed by the A.F.A. specifications. : 
‘ : : interpret the amount of heat that would flow through the sand 
WitttaMs: In using the four per cent Western bentonite 
, ‘ or the amount of heat that the sand would absorb per square 
I find about 152 grams is required : 
te : foot of surface. If we have the same density in the new sand 
DieTeRT: You could use 165 grams and end up with a ; ; ; 
. mixtures, A, B, C and D, to which you refer, then we can esti 
specimen. You would not use that specimen for the ; 
mate the heat absorption of these particular sands. 
test or the permeability test. one 
is Mr. WittiAMs: On page 179, the first paragraph, you state 
WituiAMs: Then the permeability values and the green a 
: ; about the effect of permeability with sand D. I am wondering 
ssion values you get which should correspond with the x 
: : if it is not the effect of porosity with that sand rather than 
es, would be different than the one I used for the speci saison 
lat weighed 154 grams. In other words, the physical . 
t ‘ Mr. Dierert: I think you are right in that statement. It was 
ties on a 2 in.-long specimen would be different than the 
. : the porosity on the face of the mold into which the metal pene 
| properties on a longer specimen. : oe . 
ee : ‘ 7 trated mechanically, so it was metal penetration, and perme 
Dietert: Technically speaking, that might be true. From re : ‘ 

: : e : ability was just the spot control check indicating that this was 
tical contrel viewpoint, the difference is so small that the 
nm in reading of densities by using this density indicator 

noticeable. We can use an exact 2-in. sand specimen 1 Ohio State University 


a very porous sand. 
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Mr. WILLIAMS: On page 180, Conclusion 3, you state in the 
last sentence: “This causes the heat transfer to be greater than 
one would expect from the thermal conductivity of the sand.” 
It seems to me that if the thermal conductivity of the sand is 
a figure, how would you expect it to be greatera 

Mr. Dierert: Because you have metal solidification and you 
also have metal penetrating into the sand. Thus, you have two 
figures that someone might interpret was the amount of metal 
that was solidified due to the heat absorption in that sand, 
and the heat absorption of that metal into the sand had nothing 
to do with heat conductivity. 

F. P. GorTrMAN:2 It seems to me that this attachment is an 
unnecessary piece of equipment. The way we obtain the density 
figure, is to weigh the sand to make a 2-in. specimen. We make 
sure we get a 2-in. specimen and then the density is nothing 
more than multiplying by a factor, You have a 2-in. diameter 
core that has a 2-in. height and you know the grams weight of 
sand used. You can compute the density formula to one factor 
(0.606 > wght. of sand) and multiply that by the weight of sand 
used each time and get the density. In that manner the density 
is obtained on cores that you next run compression and perme- 
ability tests on, instead of taking one where you put in 165 
grams or some other definite number of grams resulting in a 
specimen that is not 2 in. high. 

It was said that it makes no difference. It may not. However, 
when it is so simple to take a density on the specimen that you 


2 Geo. F. Pettinos, Inc., Philadelphia. 
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are already using, I see no need to go into any other 
and put on this additional work and then leave yours« 
to the objection of having an off-size specimen. The fa 
matter is, if you want to study density after 5 rams 
use the flowability indicator and from that obtain the 
of specimen. In other words, you ram 3 times to get 
height and then you give it two more rams and on the | 
you measure the flowability and from that flowability i: 
by calibration, you can measure the height of that s 
and compute the density from a table. I think the 
should be computed on some method like that, so it 
lated with your other work and does not allow the « 
that Mr. Williams introduced 

Mr. Dietert: Whenever possible, the human equatio: 
be eliminated. In other words, we are trying to do one 
and that is avoid having someone make an arithmetic 
All we ask him to do here is to copy down the figure 
reads from the dial indicator on the density. We h: 
given a method by which one can compute the densit 
simple formula. We feel there are cases in a contro] lal 
where the operator should read the density figure dire 
a dial and not compute it 

As for the specimen being at times outside of thx 
narrow limits of length, we never use that particular spec 
our permeability or compression test, but we do know 
density indicator will be within the required toleranc 
though the specimen falls a short distance outside of th 
tolerance marks. 














SPECTROGRAPHIC ANALYSIS IN 





THE MANUFACTURE 


OF BRASS AND BRONZE INGOTS 


y 
G. E. Staahl and G. P. Halliwell * 


I ABSTRACT 

use of the spectrograph in the preduction of copper base 
ry ingot is described. Among the applications discussed are 
ntrol of furnace production, the analysis of scrap and stock 
ils, the sorting of metals, the analysis of samples from out- 
irces as a customer service, and the use as a qualitative 
the chemical department. Among the elements determined 
graphically are tin, lead, zinc, iron, nickel, antimony, alu- 
m, manganese, silicon, magnesium, beryllium, arsenic, and 
um. A description of the apparatus and sampling method 
nd the manner of preparing standard samples are included. 
Curves are given to show the relationship between conditions in 
nalytical gap and the length of preburn time. The analytical 
procedure ts described and results are given for several of the al- 
bes run under routine conditions. A study of the data ob 
1 on the 85-5-5-5 alloy shows that the accuracy expected is 

ent for the elements iron, nickel and antimony. 


APPLICATION OF THE SPECTROGRAPH to foundry 
control analysis is well recognized in the ferrous and 
light metal industries and has been reported on pre- 
viously in the TRANSACTIONS of the American Foundry- 
men’s Association. ? Its application to the copper base 
and particularly the red metal alloys has not been as 
extensive probably for two reasons. 

The first is the large number of different copper base 
alloys which are made today. Since the nature of the 
method of analysis is a comparative one, in that an un- 
known sample is measured in terms of a standard simi- 
lar sample, the problem of preparing these standards 
and analytical curves becomes enormous. 

The other reason is that the range of concentrations 
of the alloying constituents in copper base alloys may 
run from a mere trace to 40 per cent. Where the ac- 
curacy expected by the usual spectrographic methods 
of analysis would be acceptable for concentrations be- 
low two per cent, this accuracy is insufficient for con- 
trol work at the higher ranges encountered in most 
of the alloys used for brasses and bronzes. 

\nother factor that has been found to influence the 

iracy of results is the apparent effect that a slight 
variation in one of the major constituents has on the 
verall analysis. This type of influence has been found 
to be true in other than copper base alloys.*: ¢ 


*H. Kramer & Co., Chicago. 





Spectrographic Methods Developed 


Some workers *:* have developed systems of correc- 
tions to extend the useful range of the analytical curves, 
thus reducing the number of standards required. 
Others have applied the solution method * * to the 
analysis of higher concentrations or have used specially 
designed * controlled source units for greater accuracy. 

It is not the purpose of this paper to make a critical 
study of a particular method of analysis but rather to 
show how the spectrograph has been successfully ap- 
plied to the manufacture of brass and bronze ingot 
supplied to the foundry trade. An outline of the meth- 
od of analysis used and the results of investigations of 
some variables involved are included. Results as ob- 
tained by the analytical procedure are given for several 
of the alloy types run by different operators. 

At the present time six applications can be men- 
tioned where the spectrograph is used either quantita- 
tively or qualitatively to reduce the time required for 
the release of results or to make a greater number of 
analyses than was possible by chemical methods alone. 

1. First in importance is the control of large rever- 
beratory furnaces used in the smelting and refining 
processes. These furnaces have a capacity of about 
120,000 Ib per charge. As soon as the metal is molten, 
samples are taken at frequent intervals, in order to fol- 
low the progress of refining and to control additions of 
alloying metals to the furnace. 


Rapid Analysis Promotes Control 


A number of elements may be run on a single sample. 
Those most commonly determined in non-ferrous 
foundry alloys are tin, lead, zinc, iron, nickel, antimony, 
aluminum, silicon, manganese, arsenic, beryllium, mag- 
nesium, and chromium. Speed and accuracy are essen- 
tial and results must be reliable and representative of 
the entire charge in the furnace. 

The average time consumed in making quantitative 
determinations on six elements by spectrographic 
procedure usually 1s about 15 min. A corresponding 
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TasBLe 1.—DISTRIBUTION OF ALLOYING ELEMENTS 
IN SPECTROGRAPHIC SAMPLES 
(Chemical Analysis) 





Cu Sn Pb 
Iron Mold Pin Tip 85.46 4.85 1.90 
Iron Mold Pin Bottom 85.51 481 4.91 
Iron Mold Head Drillings 85.60 4.77 4.89 
Glass Tube Pin Tip 85.28 4.85 4.95 
Glass Tube Pin Middle 85.26 4.86 4.99 
Glass Tube Pin Bottom 85.23 4.83 4.94 





chemical analysis would take an hour or more. The sav- 
ing in time thus realized makes possible closer control 
on many elements contained in the various alloys. 

Two important elements which are controlled al- 
most exclusively by spectrographic methods in our 
copper-tin-lead bearing alloys are zinc and iron. The 
analysis of zinc particularly is a long and difficult pro- 
cedure by wet chemical methods, and there are many 
alloys in which zinc must be kept below a certain maxi- 
mum value. Spectrographic analysis of these alloys has 
resulted a considerable saving both in operating 
costs and in the reduction of losses by oxidation of 
other metals such as tin and lead. 

In this type of control work, furnace drift may be 
considerable for some elements as the refining proc- 
esses proceed. For example, in making an 80-10-10 cop- 
per-tin-lead alloy, the first sample taken from the fur- 
nace may show from 2-3 per cent zinc, which must be 
reduced by refining usually to a 0.75 per cent maxi- 
mum value. In this case, the analytical procedure is 
varied depending on the zinc content in order to secure 
the correct result. Several analytical line pairs may be 
used to cover a long range of concentration or if a 
number of suitable line pairs are not available, a filter 
is used to reduce the intensity of the useful ones. 


Check Small Batch Production 

2. The second use is in checking small furnace and 
pot production for minor elements and for the presence 
of unwanted impurities. Some alloys such as the high 
strength manganese bronze, aluminum bronze and 
hardeners are made in smaller heats depending upon 
the composition of the alloy and the requirements of 
the customer. A number of heats may be made of a 
single alloy in this manner. Each is analyzed spectro- 
graphically and the average results compared with the 
chemical analysis made on a composite in which each 
heat is equally represented. Heats that may be outside 
of specification limits or that might contain some im- 
purity that would be injurious to the alloy or to its ap- 
plication can readily be identified, and adjusted in this 
manner. 

It would be economically impractical for the chemi- 
cal laboratory to run these heats individually and here 
the spectrograph has found an important application 
because of its speed and ability to handle a large 
volume of analysis with a minimum of manpower. 

All scrap and stock materials including virgin 
metals are analyzed before they are used in the fur- 
nace. The spectrograph is used to determine the minor 
elements in amounts below 2 per cent, as previously 
mentioned. The chemical laboratory runs the major 
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constituents—copper, tin and lead. In this way 
production manager has a complete analysis « 
material going into the furnace. 


Sample Form Varies 


The sample in this case may be in one of s ] 
forms. A piece of tubing, a large casting, or even grind 
ings may be sent in for analysis. The technique 
ployed will have to suit the size and shape of 
sample. If at all possible a rod sample is prefe: 
but provision is made to handle large and odd shaped 
pleces. 

4. The fourth use of the spectrograph is as a qualit: 
tive aid to the chemical department in the determina. 
tion of those elements present in appreciable amounts 
in a sample to serve as a guide in their analysis. Many 
times samples are submitted of which little metallu 
gical history is known. A quick spectrographic analysis 
saves many hours in looking for elements which may 
or may not be present. It has also proved valuable in 
this respect to the research department in many of its 
investigations. 

The spectrograph is also used to good advantag: 
in sorting alloys that would be difficult to separat 
otherwise. For example, some condenser tubes con 
tain about one per cent of either aluminum or tin, and 
their ultimate separation is highly desirable for their 
most economical use. It requires only a few minutes to 
obtain a spectrographic identification and from thenc 
a sorting procedure can be based on accompanying 
physical characteristics. 

6. Samples are frequently submitted by customers 
for chemical analysis. If the material is in such form 
that a pin may be machined from the casting, quanti 
tative spectrographic determinations are made for 
minor elements or impurities. Otherwise semi-quanti 
tative results are obtained which may be sufficient fo. 
the particular problem under consideration or ma\ 
serve as a guide to a wet chemical analysis. 


Apparatus Complete 


The equipment used consists of a multisource unit, 
a large Littrow spectrograph, densitometer-comparato! 
unit, calculating boards, an electrode shaper and other 
accessories. A small bench lathe is used to prepare sur- 
faces on the samples to be sparked or arced. A high 
frequency induction furnace is available for preparing 
standard samples. 

The darkroom is equipped with a developing ma 
chine of the rocking type, with the temperature con 
trolled at 70 F. An electric drier is used to speed the 
drying of the photographic plates. 

Both the spectrographic laboratory and the dark 
room are air conditioned with the temperature main 
tained from 72 to 75 F and the relative humidity at 


Tasie 2.—UNiFoRMITY OF GLAss TuBE/Rop 
(Spectro-Analysis) 


a 








Section No. ] 2 3 4 5 6 

Nickel, per cent 0.63 0.63 0.65 0.65 0.62 0.68 063 
Iron, per cent 0.24 0.26 025 0.25 0.25 0.25 02 
Antimony, per cent 0.22 0.21 021 O21 0.22 0.21 0.20 


—_— 
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50 per cent. Air conditioning of the laboratory 
essary because large variations, particularly in 
ative humidity, will cause the sensitivity of the 


graphic plates to change. 


¢ LING METHOD 
en the spectrograph was installed, samples were 
n a split iron mold. Considerable difficulty was 
rienced in filling the mold completely and in 
ing good spectrographic pins. It was finally aban 
| in favor of the pyrex glass tube now used in all 
work. In this method metal is sucked up a pyrex 
; tube to form a rod 14 in. in diameter and 5 to 15 
mg. It was adapted as best suited to our needs for 
following reasons: 
Che rods are representative of metal in large heats 
[hey give reproducible results. 
Operation is simple. 
Contamination from previous heats is eliminated 


Sample Uniformity Checked 


Numerous tests were made to determine the uni 
wmity of the chill cast specimen and also whether 
sample taken in this manner would represent the 
ace charge. Chemical analysis made on sections 
ir the tip, middle and bottom of the pin were com 
ared with the routine method of ingot sampling for 
hemical analysis. Table 1 shows some of the results 
Chemical analyses for the minor elements—iron, 
ickel and antimony—indicate that these elements are 
iniformly distributed throughout the entire casting 
lable 2 shows the results of spectrographic analyses 
ide on a sample taken in a glass tubing and sparked 

n 14 in. section along its entire length. 
\ number of investigators have claimed that the ac- 
wacy and reproducibility of spectrographic analyses 
influenced by the grain size of the metal or alloy 
Our experience indicates that pins taken from the same 
atch of metal in rapid succession by the glass tube 
nethod, where some are air cooled and others imme- 
itely quenched in water, show no noticeable dif 
rence in the accuracy or reproducibility of analysis. 
[he effect of pouring temperature on sampling was 
lso investigated. A charge of 85-5-5-5 alloy was heated 
i high frequency induction furnace to 2175 F. The 
etal was then allowed to cool as samples were taken 
i glass tube at regular intervals. Results are shown 
lable 3 and pouring temperature apparently has 
effect on the composition of samples taken by the 

s tube method. 


Pin Size Established 
Sample pins of various sizes have been tried ranging 
lg in. to % in. in diameter. Little difference is 


PasLe 35.—Errecr OF PouRING TEMPERATURI 


Spectro-Analysis) 





rature, °F 2175 2100 2050 2000 1950 1900 1875 
er cent 5.25 5.35 5.30 5.25 5.15 5.10 5.20 
per cent 5.10 5.00 5.10 5.05 4.95 4.85 5.05 
per cent 3.95 3.95 3.85 3.70 3.75 3.60 3.50 

per cent 0.76 0.75 0.76 0.77 0.76 0.76 0.77 
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SECONDS PREBURN 


Fig. 1—Preburn curves. 


noticed in analytical results. However, if the pin is too 
smail the spark tends to jump around the prepared sut 
face and strike along the side of the pin or the pin may 
become excessively heated and give erroneous results. 
It is difficult to take samples in the foundry if the size 
of the glass tubing is greater than 14 in. inside diameter 

From the above results and other similar tests, it 
was concluded that the samples as taken in the glass 
tubing were uniform in composition and representa 
tive of the charge. This method is used for all foundry 
work and has proved very satisfactory 


PREPARATION OF STANDARDS 


Virgin metals are used in preparing standard samples 
and are melted in a high frequency furnace. These 
heats are remelted at least three times in order to se 
cure uniform alloying of the various constituents. 

In the preparation of standards to cover a particular 
range of concentrations two heats are made, one con 
taining the maximum and the other the minimum 
amounts of the constituents to be determined. By 
proper mixing of these two heats the intermediate 
values are easily obtained. 

Spectrographic samples are taken by pyrex glass 
tubes as previously mentioned. These samples are 
analyzed by the chemical laboratory using the best ap 
proved methods. 

The section of th pin used for analytical work is 
the end furthest from the molten metal as the sampk 
The end immersed in the 


is taken in the foundry 
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Fig. 4—Precision of iron, nickel, antimony determina- 
tions expressed in hundredths of a per cent deviation 


from chemical analysis. Average deviation, 4%. 





‘TABLE 4.—OPERATING CONDITIONS 
A B 
Source Spark Arc 
Capacitance 2 Mf. 50 Mf. 
Inductance 50 Mh. 480 Mh. 
Resistance Residual 40 Ohms 


Upper Electrode 


Lower Electrode 

Preburn Time 

Exposure 

Spectrograph 

Slit Width 

Cap Width 

Distance Source 
to Slit 

Plates 


14 in. Pins 
Machined Flat 

4 in. Graphite 120° 

30 Sec. 

60 Sec. 

Set for Region 

35 Microns 

3 mm. 


60 cm. 
S.A. No. 1 


Development, D 19 
5% Acetic Acid Solution 
X-Ray Fixer 


Wash 


Dry 


Total Processing Time 


4 in. Pin—120° 
4 in. Pin—120° 
15 Sec. 

5 Sec. 
2580-3580 A 

35 Microns 

$3 mm. 


60 cm. 
S.A. No. 1 
3 min. 
14 min. 
1 min. 
1 min. 
2 min. 
7% min. 
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Fig. 2, left—Plate calibration curve. 
Fig. 3, above—Analytical curves for 85-5-5-5 alloy 
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Fig. 5—Accuracy of tron, nickel, antimony determina 
tions expressed in hundredths of a per cent deviatior 


from chemical analysis. Average deviation, 3% 


TABLE 5.—LINE Parrs For REp Brass ALLOYS 





Int. Std. Line Element Range Remarks 
Line 

Cu 3074 Sn 2850 25 - 7.0 

Cu 3074 Pb 2823 25 — 7.0 

Cu 3074 Zn 3076 2.5 -10.0 Iron Interference ' 
Cu 3074 Fe 2743 0.08 — 0.50 

Cu 3074 Fe 2966 0.50 — 1.00 

Cu 3074 Ni 3051 0.10 — 0.50 

Cu 3074 Ni 3054 0.50 — 1.00 

Cu 3074 Sb 2598 0.08 — 0.80 Fe Interference 
Cu 3074 Si 2881 0.005— 0.05 

Cu 3074 Al 3092 0.005— 0.05 

Cu 3290 Zn 3303 2.0 -10.0 Used in Conju: 


with Screen Fi 


* Fe Line at 3075.73 not resolved with a slit width of 351 

*Fe Line at 2598.38 very sensitive and intense. Forn 
ground when Fe greater than 0.20 per cent. 

* To cut down intensity of Zn 3303 Line at concentratior 


than 1.0 per cent, screen filter used at source. 
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LE 6.—REPRODUCIBILITY TESTS ON 85-5-5-5 ALLOY 





Iron, Nickel, Antimony 
te percent per cent per cent 
1-44 0.15 0.49 0.18 

$4 0.15 0.49 0.19 
8-44 0.16 0.50 0.17 
1-44 0.15 0.50 0.17 

44 0.16 0.50 0.19 

44 0.16 0.50 0.19 
{1.44 0.16 0.50 0.19 
7-44 0.16 0.48 0.18 
2.44 0.16 0.50 0.18 
3-44 0.16 0.51 0.19 
;-44 0.16 0.50 0.19 
8-44 0.16 0.49 0.19 
2-44 0.18 0.50 0.18 
7-44 0.16 0.48 0.16 
5-44 0.16 0.50 0.18 
3-44 0.16 0.51 0.18 
4-45 0.15 0.49 0.18 
8-45 0.15 0.48 0.17 

erage Spectrographic Analysis 0.16 0.50 0.18 
Original Chemical Analysis 0.16 0.50 0.16 





PaBLE 7.—REPRODUCIBILITY TEST FoR 80-10-10 ALLoy 





Fe, Ni, Sb, Zn, 
Date percent percent percent per cent 
9-30-44 0.028 0.27 0.26 0.55 
13-44 0.035 0.27 0.26 0.55 
0-16-44 0.035 0.28 0.26 0.56 
)-24-44 0.028 0.27 0.25 0.53 
26-44 0.025 0.28 0.26 0.56 
10-28-44 0.028 0.28 0.23 0.53 
10-41-44 0.025 0.27 0.21 0.54 
ll- 1-44 0.027 0.28 0.24 0.54 
ll- 2-44 0.025 0.27 0.21 0.55 
l1- 3-44 0.023 0.27 0.22 0.56 
ll- 4-44 0.025 0.27 0.23 0.55 
l- 7-44 0.027 0.27 0.23 0.53 
ll- 9-44 0.026 0.29 0.25 0.55 
11-14-44 0.028 0.29 0.25 0.52 
11-17-44 0.025 0.28 0.25 0.54 
1-21-44 0.030 0.30 0.28 0.53 
l- 1-45 — 0.27 0.27 0.53 
\verage 
Spectrographic Analysis 0.028 0.28 0.25 0.54 
Original 
Chemical Analysis 0.03 0.28 0.26 0.55 





metal usually becomes oxidized and deformed because 
of collapse of the glass tubing at the high tempera- 
ture, 
PREBURN TIME 

It would be expected that in an alloy such as the 
85-5-5-5, 80-10-10 or similar red brass where there are 
several constituents with varying melting and boiling 
points, equilibrium conditions would not be attained 
immediately in the analytical gap. This was found to 
be true as shown in Fig. 1. 


Minimum Preburn 30 Seconds 


In order to determine the minimum time necessary 
to secure equilibrium conditions for a given alloy, the 
spark is allowed to run continuously for a period of 
about 3 min. During this time, a series of exposures is 
taken with increasing pre-burn intervals. Curves as 
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TaBLe 8.—CoMPARATIVE ReEsuLTs FoR 85-5-5-5 ALLOY 





Cu’ Sn Pb Zn? Fe Ni Sb 
S.A 84.65 4.39 5.36 4.70 19 60 16 
C.A 84.71 $.29 5.33 4.69 20 63 15 

85.88 4.35 5.50 4.60 18 82 17 

84.80 1.36 5.49 4.74 17 80 14 

87.70 1.05 3.80 3.60 28 48 14 

87.43 4.99 $.95 3.49 A2 14 

88.64 4.30 3.70 2.70 18 45 18 

88.62 4.20 3.75 2.67 18 45 138 

86.21 8.90 4.45 4.65 25 39 15 

86.57 8.63 1.39 4.73 39 14 

84.66 4.25 4.95 5.40 17 40 17 

84.37 4.39 5.02 5.41 17 37 17 

87.43 4.25 5.05 5.15 2$ 438 16 

84.54 4.58 5.07 4.91 .22 A$ 15 

84.75 4.30 5.45 4.45 22 53 20 

84.87 4.42 5.52 4.10 .20 55 21 

84.59 4.30 4.80 5.50 23 48 10 

84.10 4.44 5.06 5.59 24 49 08 

85.07 4.50 4.48 5.00 19 A9 7 

84.90 4.59 4.70 4.89 18 18 16 


* Spectrographic Analysis, Cu by Difference. 
* Chemical Analysis, Zn by Difference. 





TasBLE 9.—COMPARATIVE RESULTS ON 80-10-10 ALLoy 





Fe, per cent Ni, per cent Sb, per cent Zn, per cent 


S.A 0.010 0.12 0.10 0.37 


C.A 0.004 0.12 0.09 0.41 
0.01 0.23 0.11 0.62 
0.027 0.21 0.08 0.56 
0.02 0.28 0.12 0.56 
0.04 0.32 0.09 0.45 
0.02 0.32 0.14 1.10 
0.03 0.32 0.12 1.07 
0.01 0.19 0.18 0.21 
0.02 0.17 0.15 0.18 
0.06 0.45 0.25 1.45 

0.42 0.27 1.46 
0.03 0.28 0.26 0.77 
0.25 0.26 





in Fig. 1 result when the computed relative intensities 
of the selected line pairs are plotted as a function of 
the preburn time. In routine work a minimum of 30 
sec. preburn was found necessary for the analysis of 
the impurities. 
ANALYTICAL PROCEDURE 

The sample as received in the laboratory is in the 
form of a pencil 14 in. in diameter and about 5 in. 
long. A length of 4 in. is cut from the upper end of the 
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Tasre 10.—Conrpararive Resutts ON Low STRENGTH 
MANGANESE BRONZES 





Sn Pb Fe Al Mn Ni 
S.A 0.96 0.95 1.20 1.40 0.36 0.08 
C.A 0.29 1.19 1.14 0.31 0.09 
9.18 0.15 1.07 1.24 0.28 
0.16 0.17 1.1] 1.20 0.27 
0.90 0.51 0.75 1.25 0.32 0.23 
0.95 0.60 0.78 1.11 0.33 0.30 
0.15 1.30 1.08 0.41 
0.21 1.24 0.98 0.44 
0.69 0.72 1.03 0.93 0.18 0.08 
0.69 0.61 1.12 1.20 0.28 0.10 
0.1] 0.18 1.25 1.15 0.26 
0.11 0.15 1.47 1.17 0.34 
0.28 0.24 0.95 0.96 0.24 
0.31 0.26 0.94 1.01 0.26 
0.07 0.07 1.13 1.19 0.23 
0.10 0.02 1.23 1.14 0.22 
0.15 0.17 1.17 1.04 0.26 0.05 
0.17 1.2] 1.03 0.28 





pin and discarded, and the same cut surface on the 
remaining piece is machined flat and as smooth as pos 
sible. The edges are rounded off slightly. It is then 
sparked with a counter electrode of special high purity 
spectroscopic graphite pointed to a 120° cone. It was 
found that by using a counter electrode of graphite 
the length of exposure necessary to secure the correct 
line densities on the photographic plate was consider 
ably less than when two pins of the same mate ial were 
used. A standard is included on each plate to check the 
analytical curves. 

All samples from foundry production are run in 
duplicate, the pin being resurfaced on the lathe and a 
clean graphite rod used as the counter pin. The aver 
age of the two results is taken and reported directly 
to the foundry foreman. Care must be taken at all 
times that the pin is sound and has no central pipe, a 
condition which sometimes occurs when samples are 


not taken proper lv. 


Technique for High Sensitivity 

In some cases, where higher sensitivity is required, 
the sample is arced. ‘Two sample pins are used with 
ends machined to a cone with a 120° included angle. 
Che arc is also used in determining the antimony con- 
tent when the iron present is over 0.25 per cent, due to 
the interference of the iron line at this concentration 
when the spark source is used. The nature of this 
interference is the formation of a variable background 
from the iron line in the neighborhood of the antimony 


line on the photographic plate. 

Ihe plate is then developed, the selected lines read 
on the densitometer, and the percentage transmission 
values converted directly into per cent concentrations 
by the use of specially constructed calculating boards. 
Ihe analytical scales of the calculating boards are made 
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by extending the curves of Fig. 3 on to a straight 
and arranging these scales on the board so that 
“index points” lie on the same vertical line. The in 
point is that value of the concentration for a particu 
element for which the corresponding relative inten 
has the value one or unity. 

Ihe plate characteristics are checked whenever 
new batch of plates or when a new supply of develo 
are used. The standard sample sparked on each p 
also is used as an indication of any changes in p! 
characteristics. A typical plate calibration curv 
shown in Fig. 2. The complete conditions as used 
the analytical procedure are given in Table 4. 

rhe line pairs used for the red brass alloys are gi 
in Table 5. Fig. 3 shows the analytical curves 


85-5-5-5 alloy as typical of this group. 


Standard Sample Corrects Difficulty 


One particularly annoying factor encountered in 
analytical work from time to time is the apparent shift 
of the analytical curves, even though all conditions are 
maintained as constant as possible. This necessitates 
the use of a standard sample on each plate which is 
about the only effective means of dealing with the dif 
ficulty. Other workers * have found this to be true and 
up to date no definite cause for the shift has been found 
More investigations are planned to determine if ther 
is a single cause or whether it is the result of a number 


TasLe 11.—ComMPpaARATIVE RESULTS ON HIGH STRENGTH 


MANGANESE BRONZE 





Fe, per cent \l, per cent Mn., per cent 
S.A. 2.65 5.80 3.25 
C.A 2.68 5.76 3.18 

2.60 5.85 3.30 
2.82 6.07 3.40 
2.55 5.40 3.35 
2.75 5.85 3.27 
3.60 5.65 3.80 
3.55 5.60 3.80 
2.35 5.80 3.10 
2.27 5.75 3.40 
2.75 5.65 3.40 
2.73 5.80 3.36 
2.73 5.50 3.45 
2.82 5.60 3.51 
2.40 5.63 3.15 
2.32 5.63 3.09 
2.50 5.85 $.25 
2.48 5.71 3.24 
2.45 5.80 3.10 
2.26 5.70 3.18 
2.45 6.00 3.20 
2.14 5.77 3.14 
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factors This curve shift is not serious for concen 
tions below one per cent, but may be considerable 


values from | to 10 per cent. 


Results 


lables 6 and 7 give the results as determined on two 
ples over a period of months. They served as daily 
ck standards and indicate the reproducibility of the 
thod used since in this case no corrections wer 
de for curve shifting which is sometimes found as 
ntioned above. 
Check results as accumulated over a period of time 
9, 10, 11 and 12 for some of the 
ys that were run both spectrographically and chemi- 


> 


eiven in Tables 8, 


y. In each case the spectrographic values are shown 


we the corresponding chemical values. 


Discussion 


Figures 4 and 5 show in block diagram the precision 
d accuracy of the iron, nickel and antimony dete 
inations for the 85-5-5-5 alloy. This alloy represents 
major proportion of our production and considerable 
ita are available for study. Deviations in both figures 
expressed as the difference in results between chem 
il and spectrographic analysis on the same sampl 
nd are given in actual hundredths percentage values 


Figure 4 represents a total of 125 determinations 


ile on the same sample over a period of months and 
many different plates. The average deviation fon 
is sample was f per cent of the amount present fon 
elements iron, nickel and antimony. 
The data for Fig. 5 was taken from production rec 
wds and includes about 110 different samples which 
re run by the spectrographic and chemical labora 
tories. Deviations are again expressed in hundredths 
{ a per cent and the average deviation for each ele 
nt is about 3 per cent. The average deviation is a 
ttle less than for the precision of the method, because 
orrections for the apparent index point shift are made 
in production work. Results for the higher concentra 
ions, as Shown in Tables 8, 9, 10, 11 and 12 in the range 
o 10 per cent, usually show a deviation of about 3 
cent under routine conditions. 


Conclusions 


Uhe spectrograph has been adapted to many of the 
rocesses involved in the manufacture of brass and 
onze ingots and has proved to be invaluable in per 
rming the tasks to which it has been applied. Close: 
mtrol over many elements and savings both in time 
nd operating costs have been realized. 

[he success of quantitative analyses may be ascribed 

several factors. 

Strict control over all external conditions affect 
the analytical procedure, such as aul conditioning, 
perature control of developing solutions, voltage 
uation of the source unit and densitometer, and 
ipling method. 

The use of carefully analyzed standards for each 


Frequent checks on analytical curves and plate 
acteristics by the use of standards. 
Recognition of limitation of the method. 












Taste 12.—ComParative ResuLTS ON ALUMINUM 


BRONZES 








SA 1 7 10.10 Os iD ) »> © 

CA } 10.1] 0.10 0.34 4. 
100 963 OR »10 
99 04% ] 1o 
1.08 Q 55 0.17 2? "2 OO 
1.56 995 0.17 () °° 1.09 
1.05 10.20 O.l¢ 0.27 00 
1.03 10.38 0.16 9.97 1.845 
= 80 10.90 0.46 0.57 
32g 10.88 004i 0.56 
$3.95 0.30 0.18 0.24 2 OF 
3.87 9.09 0.20 0.95 2 03 
2 65 10.70 
2.81 10.50 
,.99 9 80 0.39 2 06 
3.94 10.00 0.36 912 
$.95 9.90 3.40 
417 9 96 + 38 
, RO 11.10 0.04 O04 1.09 
3.93 11.25 
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DISCUSSION 


Chairman: H. M. Sr. Joun, Crane Co., Chicago 
Co-Chairman: A. K. Hicerns, Allis-Chalmers Mig. Co., Mil 
waukee 
W. W. EvENs 
ire to be complimented for bringing to the A.F.A. Brass and 


vritten discussion)" Lhe authors of this paper 
Bronze Division membership this excellent paper on Spectro 
graphic Analysis in the Manufacture of Brass and Bronze Ingot 
[he use of this analytical tool in the manufacture of ingot brings 
to us as Operating brass and bronze foundrymen not only a better 
controlled ra material for our use, but also points the way 
toward better analytical control in our own operations for the 
improvement of our products and of the industry as a whole 

During the war our company operated a spectrograph as an 
integral part of an aluminum bronze boring reclamation plant 
for the purpose of converting our own borings which were care 
fully segregated and returned to ingot form for reuse in our foun 
dries. The conservation program then in effect on copper and 
aluminum made this operation not only desirable but necessary 
ind it proved to be economically sound in the conversion of mil 
lions of pounds of aluminum bronze borings. 

Che equipment was all Dietert-ARL consisting of the grating 
pectrograph, multi-source unit comparator densitometer alony 
with film developing and drying equipment, calculating board, et« 

Initially we had considerable difficulty which was traced to 
poor voltage regulation. This was not the fault of the multi-source 
unit but rather a wide variation in voltage coming into our plant 
largely due to a very heavy variable demand on the feeder line 
coming into our immediate industrial area. To overcome this it 
was necessary to install a motor generator set ahead of the multi 
source unit Chis connection plus the air conditioning of th 
spectrographic laboratory corrected our major difficulties 

The sample was a cast slug poured in a chill open face mold 
measuring 214 in. diameter and %4 in. deep. The drag side ot 
the slug was machined off to clean metal and was sparked on a 
petrey spark stand with a high purity graphite electrode using a 
3mm. gap. Spark conditions of excitation were as follows for the 
major elements (copper, aluminum, iron, nickel, manganese and 
silicon) 

> mid. capacitance 

75 L inductance 

10 ohms resistance 

10 sec. preburn 

10 sec. exposure 

Phasing switch—180 

Rotary gap pointer—90 

Discharge voltage—O40V, power circuit 
Discharge amperage—2A_ power circuit 
Grating 8-8 

No difficulty was experienced with this type of sample on 
the aluminum bronze alloys when properly cast except for some 
of those in the high alloy range (15 per cent Al, 5 per cent Fe 
Bal. Cu) where lack of uniformity presented some problems 
Attempts to use this type of sample on other alloys especially 
the red brasses gave considerable variation in results. It seems 
entirely probable that the narrow solidification range of the alu 
minum bronzes along with chill cast sample preparation gave a 
homogeniety entirely acceptable whereas the red brasses witi 
their comparatively long solidification range showed a tack of 
homogeniety which gave variable analytical results. Brief experi 
mental work indicated that the pencil technique practiced by the 
authors was far superior for the red metals. 

rhe following wave length lines were used in the analysis of 


tluminum bronze 


Copper 29974 — 3307.94 

Aluminum 2H52A 

lron 2RSL.6A SO50.9A 2733.54 
Nickel S050 84 2992.54 S414-A 
Manganes 2O8SA 2922.5A 

Silicon 2RST5SOA 

Tin SOS4.12A 2889.94 

Lead 283SA 

Zinc 2608.64 SO76A 


The specific line pairs used varied with the particular allov as 
related to the alloving amounts present 


* Badger Brass & Aluminum Foundry Co., Milwaukee. formerly with Amp 
Meta! Co 





SPECTROGRAPHIC ANA! 


\ check period covering upwards of 50 analysis for eact 
showed the following deviations from chemical laboratory a1 
aken from drilling of the spectrographic sample 





Deviation, per cent (Average Error 
Average Analysis cent 
Greatest Deviation per cent Deviat 
ALLOY A) Cu 0.31 0.11 89.33 0.15 
Al 0.25 0.10 9.83 1.0 
Fe 0.12 0.04 0.70 5.5 
\LLOY B) Cu 0.34 0.13 85.46 0.1 
Al 0.22 0.11 10.64 1.0 
Fe 0.27 0.10 3.55 28 
Ni 0.06 0.03 0.36 8.3 
ALLOY C) Cu 0.23 O.15 81.47 0.1% 
Al 0.30 0.16 10.11 1.5 
Fe 0.18 0.08 2.69 3.0 
Ni 0.29 0.12 1.76 2.5 
Mn 0.13 0.04 0.90 4.5 


These results were determined betore the air conditio 
nstallation was complete, and further improvement was | 
subsequent thereto. This plus greater standardization of pra 
both in sample preparation and in spectographic and dark 1 
techniques, gave us a very satisfactory analvtical control i: 
reclamation of segregated aluminum bronze borings 

Che conclusions expressed by the authors regarding the 
re quisites of successful quantative analysis through the use of 
spectrograph are heartily ascribed to. Attention to detail a pre 
complete standardization will bring success. Again I want 
congratulate the authors on an excellent paper and thank 


for a worthwhile contribution to the Brass and Bronze literatu Ne 
J. F. Eonu \fter reading this excellent paper and the d ur 
cussion it has instigated, one wonders whether a word of cauti ce 


is not in order. I have been familiar with spectrographic proc 
dures for the past 15 years or more, having operated an instrume: 
back in 1980 when there were only about 3 or 4 spectrograph in 
ll of Pittsburgh. Since that time phenomenal advancements |! 
heen made, until today practically every modern, well-equipp 
laboratory has a spectrograph. It has been successfully applied t 
more and more commodities with tremendous savings of tim 
money. Messrs. Staahl and Halliwell have just shown that 
spectrograph is successfully invading the realm of foundry a 
in the control of composition and impurities in the metal. } 
my main point is whether we are ready to suggest that the a\ 
foundry should own a spectrograph. I do not believe the aut 
would make such a recommendation,—even in spite of the suc 
thev have had. 

We have had a spectrograph at Duquesne Smelting { 
past couple of years and we do not hesitate to confess th 
ire not far along with its application to the various bron 
the authors indicate. There are many problems. The fact 
we have different equipment than the H. Kramer Compam 
prevented us from adopting the procedures used by the au 
in our laboratory. At this time, we would like to than 
authors, as well as Mr. Edens, for the fine cooperation they 
given us in the past, but you simply cannot take their m« 
und put them into your own laboratory and be assured of « 
cate results. I think the average foundryman ought to kn« 
other side of the picture. Between cost of equipment a1 
conditioning including temperature and humidity contr 
manufacture of standards our company has spent well over 
000 so far, and we are not as well advanced as the author 
will get there but it takes time and money. I think the 
foundry would be better off to delay spending this kind of 
until more of the problems have been worked out and the m 
hecome more standardized 

W. J. Evcar (written discussion) In view of the 
criticism brought up after the presentation of this paper 
G. P. Halliwell, I would like to pass along a few remarks 
might shed a little more light on this subject 

First of all, one of the most important steps is the met 
sampling. We, at Federal-Mogul Corp., have found that 
of chill cast pins of the alloy to be most satisfactory and w 


* Duquesne Smelting Corporation, Pittsburgh 
Federal Mogul! Corp., Detroit. 
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th a suitable hot top to make a sound structure In 
believe, we do practically the same as H. Kramer & Co. In 
to insure good results, the method of casting should be as 
standardized as possible. A fast smooth pouring of the 
with standardized melt and mold temperatures should 
good set of pins. Many types of mold dressing may be used 
e one we choose is a mixture of lard oil and graphite made 
1 fairly heavy consistency. This is brushed on and the excess 
off. Sometimes just heavy fuel oil is used which may re 
i little different technique but the end result is the same 
a little practice most people can pour a sample in which 
s no necking at the junction of the pin and hot top o1 
huts in the pin. With a smooth set of pins, free from the 
s mentioned above, yet given a good chill casting condition 
is little reason for not making them work satisfactorily. 
he source conditions are also very important. The write 
es that this fact has frequently been overlooked or not 
sufficient attention. Should the conditions be wrong for the 


being done, inaccurate and erratic results are certain to 


ypes of materials that we are able to analvze are shown in 


\ 


Our precision or accuracy for the above is about 2 per cent of 


nount present for tin and zinc, the percentage being a littl 
r for the low amounts of zinc. For lead in the low percentages 
yrecision is about 2 per cent but for the high leads this may 
nes, run to 5 per cent. Usually we are able to hold the pre 
1 to about 3 per cent or less. This factor is largely dependent 
he procedure in making the control samples. If proper care 
ken, we could make an average of 2 per cent or less. Our 
precision is about 5 per cent on the phosphorus. All of the above 
\tages are, of course, based on the quantity present. 
We seem to have trouble in determining the leads on types SAI 
No. 40 and 66 at present and are endeavoring to find how to get 
i1round it. It seems that these alloys are very sensitive to casting 
tions for the determination of lead 


FABLE A—Materials Analyzed 





Element, per cent 


Alloy 
Coppel! 
SAE #40 Leaded Red 
Brass 
SAE #62 Gun Metal 
SAE #63 Leaded Gun 
Metal 
SAE #64 Phosphor 
Bronze 
SAE #65 Phosphor Gea 
Bronze 
SAE #66 Bronze Bearing 
SAE #660 Bronze Bea: 
ing 83 


* Not determined in this all 


my 





of caution should be 


Mr. STAAHL (author's closure \ word 


given the uninitiated concerning the indiscriminate use of the 


spectrog! iph Care must be taken throughout the 


entire proce 
dure. As stated in the paper all conditions atlecting the quantita 


tive work must be controlled and maintained as constant as possi 


ble. In addition, working curves, plate contrast, source conditions 
etc., must be checked regularly. Neglect of detail in this respect 
has been a source of error on the part of some people who have 
tried to use the spectrograph in control work 


However, many laboratories are using spectrographic methods 


successfully and some are claiming a greater accuracy than we do 


The range of concentrations covered has been extended by some 


workers to run constituents up to 20 per cent of the amount 


present and higher, and consistent results are obtained in these 
The correct equipment and technique should 


higher ranges 
These are the proble ms that the indi 


bring the desired results 


vidual laboratory must work out for its own particular needs 














FOUNDRY TRAINING COURSE FOR COLLEGE GRADUATES 


Report of the A.F.A. Subcommittee on 
Training Graduate Engineers in Industry 


Edueational Division 


INDUSTRIAL FOUNDRY TRAINING of college grad- 
uates is receiving increasing attention as more and 
more foundries recognize the contributions graduates 
can make to the industry. In addition, college grad- 
uates look to the castings industry for a career because 
they are beginning to recognize the opportunities 
available and the absence of competition in this field. 

During the war years, most engineering graduates 
were in the armed services. Consequently, it was difh- 
cult to secure and train the young technical talent 
which the castings industry urgently needs now. The 
technical staffs of foundries which formerly used many 
college graduates, and the personnel of foundries plan 
ning to use graduates for the first time, will have to 
be built up of young men who are now being grad 
uated. Some of these men had some industrial foundry 
experience during the war, and many of them are 
veterans who learned of the importance of the cast 
ings industry through its war efforts. 


Graduates Need Training 

Some of these graduates are interested in foundry 
work and expect the industry to give them industrial 
training to fit them to take their place in an impor 
tant basic industry. It is important that the castings 
industry recognize, as has many other industries, that 
college graduates need industrial training, as well as 
desire it. A college graduate, like a graduate of any 
other course in formal education, has merely been 
prepared to absorb information and ideas and corre 
late them with known information rapidly and thon 
oughly. If properly educated in college and if he 
has the proper outlook, a college graduate can con- 
tribute much to an industrial enterprise, after he has 
become acclimated to industrial life and practices 

Opportunities in the castings industry for the col 
lege graduate have been discussed previously in pub- 
lications of the American Foundrymen’s Association. 
Ihe value of a college graduate to a foundry has also 
been brought out. Both of these subjects were covered 
particularly well in an article entitled “College Grad 
uates and the Casting Industry” which appeared in 
the November, 1946, issue of AMERICAN FOUNDRYMAN. 
Reprints of this article are available to graduates, 


foundry management, personnel managers and to al 
who are interested. 


Combine Experience and Education 


The function of a foundry training course tor col- 


lege graduates is to effect a combination of industria! 


foundry experience and college education which will 


make a man more valuable to a plant than if he had 
only one of these two types of training. The possi 
bility of giving a college education to a_practica 
foundryman should be considered, as well as the re 
verse procedure of making a foundryman out of 


college graduate. 


Wisconsin Cooperative Plan 

Complete college training of foundry apprentices 
is being carried on by the University of Wisconsin 
in cooperation with the Wisconsin Chapter of A.F.A 
Under this plan, several foundry apprentices, who ar 
interested and able to meet college entrance require 
ments, are selected each year from Wisconsin found- 
ries. ‘These apprentices attend the University full-time, 
take a course in metallurgy or engineering, and earn 
part of their expenses by serving as laboratory assist- 
ants in the foundry and metallurgical laboratories. 
Such a plan is well worth consideration by other chap 
ters and by the larger foundries. 


A.F.A. Educational Division 

(he foundry training course for college graduates 
outlined later, and the suggestions regarding its estab- 
lishment and execution, were prepared by the Train- 
ing of Graduate Engineers within Industry Subcom: 
mittee of the former Committee on Cooperation with 
Engineering Schools. The functions of these commit: 
tees have been assumed by others in the newest A.F.A. 
division, the Educational Division. The membership 
of the subcommittee included Chairman A. W. Gregg, 
Executive Engineer, Equipment Division, Whiting 
Corporation, Harvey Ill.; G. J. Barker, Chairman, 
Metallurgy Department, University of Wisconsin, 
Madison; H. Bornstein, Director, Testing & Research 
Laboratories, Deere & Company, Moline, IIl.; and 
C. V. Nass, Vice President and Manager, Foundry 
Division, Pettibone Mulliken Corp., Chicago. 
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Training Course Varied 


recommended course of training for the college 
sate in the foundry must of necessity be quite 
ral because no schedule will be applicable to all 
itions and all foundries. Therefore, foundry 
igement planning such a course should have defi 
y in mind the positions for which these young 
are being trained. 

he program suggested must be varied somewhat 
t a man’s college training and the needs of the 
idry. The course should be open to graduates of 
enized colleges and universities. It might be 
rable to confine the course to engineering school 
wjuates although graduates holding degrees other 
engineering or metallurgy might well be con- 

red for certain positions. 
planning the course, it must be kept in mind 
the college graduate is not being trained to be 
mechanic. Nevertheless, he must secure sufficient 
nowledge of all branches of foundry work to be able 
understand them and correlate them. If he has the 
ibility and patience, a properly trained college grad 
uate may secure a top position such as superintendent, 
works manager, sales manager or chief metallurgist. 


Two-Year Course Needed 
Nothing less than a well planned 18 months course, 
and preferably two years, will provide sufficient time 
for proper training. Perhaps eighteen months of this 


time should be spent adhering to a rather definite 
schedule, and the last six months spent on special 
assignments under the supervision of the head of the 
department to which the man will be assigned on com 
pletion of his training period. 

lt is highly important, no matter what course of 
raining is adopted, that the prospective trainee under 
stand exactly what his program will be. If the com 
pany has a training supervisor, he is the man to whom 
the graduate should be responsible. The supervisor 
should see that the man is moved from department 
to department according to schedule. 

lf the company has no training supervisor, someone 
in authority, such as the works martager or the general 
superintendent, should assume this responsibility. The 
supervisor of graduates should be a man of broad 
experience with a genuine liking and sympathy fo1 
young men. He should be a kind of father confessor 
to whom the young man will feel free to confer con- 
cerning any problem or trouble which may _ be 
encountered. 


Hold Weekly Meetings 


A weekly meeting of graduates with the supervisor 
is a valuable means of checking each man’s progress 
and understanding of the work of his department. 
Fach graduate should be required to submit a written 
report as he completes his time in a department, 
describing what he has learned, and making observa- 
tions and suggestions about the operations in the 
department. 

Graduates should be encouraged to join the Ameri- 
can Foundrymen’s Association and to attend chapte1 
meetings. Most foundries hold weekly foremen’s meet- 
ngs in which current problems of the foundry are 
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discussed by supervisors and management. During 
the latter part of his training, it is well to have the 
graduate attend these meetings. 

The wage paid to the college graduate will be vari 
able because conditions vary from one locality to 
another, and from year to year. However, the wage 
should be sufficiently attractive to interest the grad- 
uate and he should be given an encouraging increase 
in pay every six months. He should also be given a 
salary increase upon completion of the training course 


Orientation Period Needed 

When the man first reports for duty he should be 
introduced to foremen and executives of the company, 
and should be given two or three days (or possibly a 
week) to observe the various operations throughout 
the plant. This will enable him to get used to an 
industrial plant and to get an over-all picture of 
operations. After this brief period of orientation, the 
trainee should be started on a prescribed course. An 
outline of a course for training college graduates in 
the castings industry follows 


Industrial Training Outline 

Pattern Shop—Five Weeks. The graduate cannot 
be expected to make patterns and will be of little 
value as a helper. However, a great deal can be 
learned by watching a skilled pattern maker, and by 
studying the rigging which is developed in this depart 
ment. The pattern shop is often the planning depart 
ment of the modern foundry. 

The graduate can be asked to do design work and 
estimate costs in pattern making. He should spend 
considerable time checking patterns in and out of 
pattern storage and to and from the foundry. Patterns 
are often abused in the foundry and the engineering 
apprentice should note the condition in which pat 
terns are returned to storage. He should note also 
how the condition of patterns affects production and 
the number of scrapped castings 

Molding Department—Fifteen Weeks. The grad 
uate should have experience with floor molding, bench 
molding, machine molding, molding sands, sand con- 
ditioning, sand testing, etc. He should help molders 
making heavy floor work, and should make some small 
simple molds on a bench and on a molding machine. 
If the molding department is mechanized, he should 
be moved from one job to another in this department. 
He should also get some experience in pouring. 

Core Room—Ten Weeks. This department is very 
important in some foundries and relatively unimpor- 
tant in others. The time spent in the core room 
should be regulated accordingly. The graduate can 
be trained in a short time to make small cores on a 
bench. If the foundry uses large and intricate cores, 
he should spend time helping a core maker on this 
class of work. 

The trainee should study core sands and binders, 
mixing of core sand, and the composition of various 
core mixtures. The time and temperature required 
to bake cores made with different binders should be 
studied as well as the design and operation of the 
ovens, core blowers, etc. 

Finishing Department—Five Weeks. The trainee 
should not be used as a chipper, grinder, welder, flame 
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cutter, etc., but should study these operations suffi- 
ciently to become thoroughly familiar with them. He 
should pay especial attention to castings which are 
scrapped and study thoroughly the reasons for rejec- 
tion. If the inspection of castings is under a separate 
department, the apprentice should be assigned to the 
inspection department for at least five weeks. 

Melting Department—Fifteen Weeks. ‘The graduate 
can be useful in this department in many ways, and 
it is important that he become familiar with all the 
operations and the equipment and furnaces. He 
should make a thorough study of the theory and prac- 
tice involved and of the metallurgical reactions in the 
melting units. He can assist in making up and weigh- 
ing charges and in repairing the refractory linings of 
the melting units. He should familiarize himself with 
the various refractories, the results obtained with vari- 
ous fuels and the handling of alloying materials. 

Laboratory and Testing Departments—Fifteen Weeks. 
In these departments, the graduate is generally on 
familiar ground. Here his time should be divided 
between the chemical, the mechanical testing, the sand 
control, the pyrometry, the x-ray and the metallurgi- 
cal laboratories. 


Cost Experience Essential 


Cost and Estimating Departments—Ten Weeks. The 
trainee who is expected to fill an executive position 
at some future time must have an idea of the cost 
of operating all departments. In addition, a thor- 
ough understanding of the cost system employed is 
essential. —Ten weeks spent in the cost and estimating 
departments will be of some value in acquainting the 
graduate with a phase of business generally neglected 
in engineering curricula. 

Specialized Training—Six Months. After spending 
approximately 18 months in the various foundry de- 
partments the graduate should be familiar with all 
operations of the foundry, and should have a well- 
founded opinion regarding which part of the business 
attracts him most. In addition, the plant management 
should have become acquainted with the man’s apti- 
tude and ability. 

The final six months should be spent in specializing 
in the work in the department in which the man is 
most interested and in which he will be expected to 
work after training. If he is particularly interested 
in planning and general operations, the balance of 
his time should be spent under the works manager. 

For a graduate interested in manufacturing, some 
time should be allotted to the plant maintenance 
department which represents an important item in the 
overhead cost of making castings. 

In case a graduate is interested in engineering, he 
should be assigned to the engineering department 
under the supervision of the plant engineer. This 
department often has charge of maintenance and is 
responsible for the purchase of new equipment, build- 
ing extensions, etc. 

Many college graduates will prefer to get into sales 
work. If so, they should be assigned to the sales man- 
ager, who will trai’: them in sales work. A special 
course in salesmanship would be advisable. 

Those who prefer metallurgical and laboratory work 
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should be assigned to the chief metallurgist. In sep. 
eral, however, laboratory work in the last six months 
should be discouraged as a means for developing 
foundry engineers. 
Typical Training Program 

A typical good training program for college grad 
uates in the castings industry is shown in the course 
of the Falk Corporation of Milwaukee. This program 
requires eighteen months (3,120 hours), and the sched. 
ule is as follows: 








Time— 
Equivalent 
Assignment Hr. Weeks ot 
Inspection Department 300 71% 
Small Molding—Centrifugal 
Casting 400 10 
Large Molding Floor 600 15 
Chipping—Welding— 
Gas Cutting 200 5 
Chemical and Metallurgical 
Laboratory 300 7% 
200 5 


Large Core Room 
Sand Control Laboratory and 





Foundry Research 600 15 
Small Core Room 200 5 
TOTAL 2800 70 | 


The balance of the time is spent in the Standards 
and the Heat Treating Departments, in Sand Recla 
mation, Production or any and all of the above men he t 
tioned departments. he 1 

The larger independent and captive foundries have 
programs for training graduates of colleges similar to “on 
one suggested in this report and the Falk Corporation Y, 
course. Programs of this type are also used in the some 
smaller plants which hire college graduates at the hing 
rate of one a year or less frequently. 


Subcommittee Personnel ts 
Since the formation of the Education Division of 
A.F.A., the task of developing and broadening courses 
for industrial training of college graduates has been 
taken up by the Engineering Apprentice Training ony 
Subcommittee under the chairmanship of C. V. Nass, Mi 
Vice-President and Manager, Foundry Division, Pett ndust 
bone Mulliken Corporation, Chicago. Other members 
of this Subcommittee are H. Bornstein, Director, Test * 
ing and Research Laboratories, Deere & Company, In 
Moline, Ill.; Professor G. J. Barker, Chairman, De found: 
partment of Metallurgy, University of Wisconsin, 
Madison, and Richard W. Heine, Instructor, General 
Motors Institute, Flint, Mich. 


DISCUSSION 
Chairman: F. C. Cecu, Cleveland Trade School, Cleve! 
Co-Chairman: B. C. CLarrey, General Malleable Corp. 
kesha, Wis. 
C. J. BarKER': We have been thinking about this educationa omes 
program and I feel the universities will help the foundry incus ers 


try by sending young men to the industry. We are to 
ing about training men and you have two distinct ed\ 
training programs at two different levels. You have you: 
tice training program, which I believe is a fine progr 


1 University of Wisconsin, Madison, Wis 








\ CoMMITTEE REPORI 
en- ' ties should not enter into that discussion [hat is the 
ths of your apprentice training committee and you are 
n it correctly 
ing : 
5 you have the other program of the training of tech 
en to go into management. We are not interested in 
at the universities technical men who are going to 
: supervisors in the cleaning department. If we thought 
id as far as they would advance, we would tell them to 
me other industry. That is not what you want us to do 
Tse rt you want us to train men for management, or higher 
am , | positions, so we have set up our training program 
ed- hat line. That brings in the question: What are we 
) offer the young man at the university? 
ow some foundrymen are antagonistic in having a tech 
man in their organization. I feel they are wrong and 
ent ey are going to change their viewpoint some day. Wher 


S ( into such management we advise our students never to 
that company. We would tell him the opportunities 
there for him. We would be doing no injustice to that 

iy, because they have set up their own standards. We do 
send our men into companies where we know they have 
ite training program. 
do not believe we are training the boys at the university 
ur foundry. We are training them to be in a position 
into your foundry and learn something after they get 
he You have to train him after you receive him, along that 
u desire him to work. He has to become familiar with 
rganization and that is going to take at least one year 
ly two years. You will find, the boys we train, will have 
o objection to going into a training program of two years 
will definitely tell them ahead of time what that training 
m is and what it is going to lead to 
[hat is where the industry, as I see it, is a litthe weak at the 
nt time. Many of the good companies have a training pro 
set up now and in the past month we have sent four boys 
hose training programs, because they had something tangi 


ards e to offer those boys. They knew where they were going 
cla f re of you can definitely set up your training program for 
nen he technically-trained man of the university, I feel we can find 
he men for you if you want them. At the present time we are 
rave tt sure you want them. We think you do, and we believe we 
in find the men for you. We shall do all we can to train those 
. to properly. 
tion You know there is a new foundation being set up to assist 
the wme of the universities and, personally, I believe it is a fine 
the hing. There is a great deal of doubt in my own mind, at the 
resent time, as to just what kind of a course you desire to 
give those boys in the university who will be under this pro 
gram. I believe the trustees of the foundation, when it is set up 
nust give a great deal of thought to this question. I am sure 
n of f you come to us, you will find us very open-minded on the 
Irses ibject. We believe we can improve our foundry instruction 
een | wish to assure you that the universities, speaking for the 
: niversity of Wisconsin, at least, are only too glad to cooperate 
ning vith the foundry industry on their educational program. 
Nass, \fEMBER: \s one who is an engineer in the foundry 
‘etti- ndustry, I have a clear picture, first, what the engineer can do 
bers ‘or the foundry, second, what the engineering schools must do 
rest tor the engineer who is going into the foundry and, third, what 
- he foundry must offer the engineer. 
any, In the first instance, what can the engineer do for the 
De ‘foundry? An engineer, whether he is a mechanical, chemical 
Asin, metallurgical, or an electrical engineer, has a definite back 
eral ground in scientific training and scientific thinking in solving 


he various foundry problems, whether or not they fit into his 
ist university background. He will eventually solve the prob 
ms. This is what I mean: A foundry is a definite series of 
perations involving the melting of metal, making of a mold, 
ng the metal into the mold and getting castings out. 
W in that process there are certain variables, and those variables 
ause certain difficulties at one time or another. An engineer 
omes in with the background of clear thinking that the uni 
ersity is supposed to give him, not necessarily with a back 
tals ground of the answer to all the problems, but the background 
, f physics, chemistry, drawing, engineering, to apply or the 
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ability to read up further on the subject, to determine what 
the variables were that caused the difficulty and then to solve it 
Phen he can set up a quality control or process control plan 
for the foundry which will permit all variables to remain con 
stant, or as constant as possible. In other words, he sets up a 
specification for sand and for metals, he sets up a heat specifica 
tion, not only for all the heats but for particular castings, et 
until those variables causing the difficulty are eliminated and 
you get a consistent flow of good castings 

rhen you get to the point of what the engineering college 
must give to the engineer who is going into the foundry indus 
try. The engineer needs the background of chemistry, physics 
engineering drawing, mathematics, metallurgy, and the ability 
to put that education into use in solving the problems as they 
occur in the foundry. So it is not specific courses that the engi 
neering school must give, because those courses are already given 
to the university 

What does the engineering graduate expect from the foundry? 
\ccording to aptitude tests given by Hall & Liles in Chicago 
and other firms, we find that certain engineers make good sales 
men, certain engineers make good executives, and certain engi 
neers make excellent research men working all by themselves 
Those are individual characteristics and when a foundry gets 
an engineer, it is worth while for him to take those aptitude 
tests, because if you want an engineer who is eventually going 
to become a supervisor, you want an entirely different type of 
personality from one who is going to do purely technical or 
research work. Or if you want a man who is going into sales 
engineers, you want an entirely different type of individual 
Che hit and miss idea of putting a man into a hole and seeing 
whether he fits is the old way of doing things, and the newer 
more efficient method is by aptitude testing 

Those are the ways in which an engineer fits into the 
foundry. He can be of great value to a foundry or he can be 
a distinct liability, depending upon how much leeway the 
foundry is going to give him. 

It has been mentioned that the engineer is put out in the 
foundry and given a hard manual job to do. I have seen it 
happen in the past where I have had graduate engineers work 
ing in the same department I worked in, some of them had 
pretty nasty jobs for a while, and I saw 60 or 70 of them flow 
through there in less than a year and none of them stuck 
They all wanted my job. I did not blame them, as far as that 
is concerned, and I actually never served an apprenticeship on 
1 molding machine; I never worked on a lathe; I never melted 
a heat of metal, until I went into the foundry in a supervisory 
capacity, and eventually as an engineer. I did all those things 
not because they were required of me, but because I wanted to 
although I did not follow a definite program in doing them 

It is not necessary to take an engineer out of engineering 
school and put him on a molding machine for six weeks, to 
have him shoveling steel into a furnace, or iron into the cupola 
pulling slag out of an electric furnace, or whatever type of 
melting unit you are using, or to have him make patterns in 
order to learn what the foundry industry is about. I believe 
that a technical man should be sent into the foundry. He 
cannot wear good clothes, because he has to learn the foundry 
operations, but not to learn by doing them. He has to learn 
them by observing them and observing the faults as they occur 
in the foundry and attempting to use his mental faculties to 
solve those problems. In doing that, he is going to be worth 
while to the foundry. But no engineer is going to be worth 
his pay to a foundry on a molding machine for very long 

Mr. CLarrey: We purposely injected the discussion on this 
particular subject because many of you already have been con- 
tacted and are familiar with the foundation which Professor 
Barker referred to and the work which the foundation proposes 
to do with the schools in developing future foundry executives 

At many of our conventions and in our meetings we have 
often heard the statement made that what the industry needs 
is more college-trained men and more graduate engineers. This 
little discussion was purposely provoked to familiarize all of us 
with what some of the school people may think we should do 
in handling this fellow who is coming to us, so that we have a 
clearer understanding on that particular subject 

















PATTERN PURCHASE CONSIDERATIONS 


W. G. Schuller 
Caterpillar Tractor Co. 
Peoria, Ill. 


4BSTRACT 


Considerable thought should be given to the making and pur 


chasing of good pattern equipment since it can be a significant 


factor in the control and reduction of foundry costs. The pur 


chase of patterns for another foundry requires a knowledge of its 
production facilities and techniques. In this case, the assistance of 


a pattern engineer is valuable. Low first cost of pattern equip 


ment is generally poor economy because maintenance costs may 


be high, casting quality may suffer and production may be lou 


Whether patterns should be interchangeable or whether duplicate 
equipment should be provided depends on the number of changes 


to be made and the flexibility desired 


ONE OF THE GREATEST PROBLEMS facing the 


foundry industry today is control and reduction of 


costs. In this connection, how many foundrymen give 
due thought and consideration to the making and pur 
chasing of good pattern equipment—pattern equipment 
which can be put to most efficient use? 

For the past five years foundries have enjoyed non 
competitive markets, but as times become normal they 
will face a buyer’s market. The requirement then will 
be new and better equipment to increase productivity. 
Chat situation will also call for pattern equipment 
which will eliminate the human element, such as the 
blowing of more intricate shaped cores, which gives 
more uniformity and lowers costs in the foundry. 

Che many problems involved in the purchase of pat 
terns can be divided into those ai ising out ol pure hases 
for captive foundries and those connected with pu 
chases for commercial foundries. A purchasing agent's 
greatest problem, however, is to secure from the found 
ry detailed information as to the exact kind and type ol 


pattern required. 


Pattern Purchasing Procedure 


Here is typical procedure. “The purchasing agent r 
ceives a requisition calling for purchase of a pattern 
needed to make x number of castings per year. The cast 
ings are to be in production by a certain date. He must 
requisition drawings to find out what he is to purchase. 
It then becomes necessary to contact the foundry to 
determine the kind of pattern desired, the number on 
a plate, whether a gang box is needed, how many driers 


are required, eu 


Usually the foundryman says, “Oh, put four patterns 
on such a size plate and make 50 driers for the bod 
box.” What little information he can obtain the pu 
chasing agent passes on to the pattern shops from whic! 
he expects quotations. Obviously, before a_ patter: 
shop can give an intelligent quotation it must obtair 
much more information. This is done usually by letter 
or telephone; and even then there are many interpreta 
tions of a drawing. 

The most logical course for the patternmaker is t 
make the best pattern he can on the basis of the data 
furnished; naturally he will not wish to offend the cus- 
tomer by pointing out a failure to furnish necessary in 
formation. 

After the foundry receives the pattern the purchasing 
agent gets a call from the foundry superintendent 
who demands to know how in the world he is to gat 
the pattern when there is not enough room betweer 
patterns for a riser, etc. The purchasing agent calls the 
pattern shop and reports the superintendent's objec 
tions. Now there are three dissatisfied parties, and a 
pattern which will always be a problem in the foundry 
Chis is happening every day. The situation calls for 
closer cooperation and understanding between the 
foundry and the purchasing department. 


Purchasing Quality Patterns 


A purchasing agent is in daily contact with sales 
people and frequently makes plant visitations. He 1s 
able, therefore, to keep abreast of the latest production 
methods and new equipment. With this information 
he can buy quality at the lowest price and get value for 
money spent. 

Purchasing of patterns for a captive foundry Is con 
siderably simpler than purchasing for vendors. A put 
chasing agent has knowledge of his company’s found: 
ry and is familiar with its molding and coremaking 
facilities; in most cases he has purchased the equipment 
However, it is becoming imperative that he know his 


vendor’s facilities equally well because they ar t as 

important. 
Most commercial foundries do not have th wn 
pattern shops and rely on commercial pattern shops '0 
the 


new patterns. This creates another problem 
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sing agent, since he must know the type of 
nent required by his vendor. 

ing the war the purchasing agent learned many 
as a result of the migration of his patterns. At 


me migration reached a high level due to the 


ity of many foundries to produce castings in re 
quantities. This taught the purchasing agent 
ke his pattern equipment more flexible, to get 
from any special equipment required by his sup 
[t also encouraged castings suppliers to standard 
commercial machines and flask equipment and 
» reduce the possibility of endangering their cus- 
r’s production because of a breakdown or labor 
le which would require a new pattern to be made. 


Pattern Flexibility 


\n example of the aforementioned problem of spe 
ial equipment is the case of a foundry which changed 
ge match-plate work, namely 15 x 32-in. plates, 

und used snap or pop-off flasks under a sand slinger 
From a purchasing agent's viewpoint, this equipment 
vas relatively inflexible since there are very few found 
ies able to handle match-plate work of this size. Al 
though the agent fully realizes this equipment could 
reduce some foundries’ costs, he must give considera 
ion before sanctioning this type of pattern equipment. 
\ purchasing agent must know how intricate the 
asting is he has to buy to determine the type of equip 
nent to purchase. Frequently, the cheapest pattern 
sthe most expensive. A pattern can be made cheaply, 
0 as to hold down initial costs. However, in almost ev 
ry case, when a quantity of castings is required, the 
st is excessive if pattern equipment is inadequate 
Cheap patterns always tend to raise foundry costs; and, 
ertainly, uniform castings cannot be obtained from 


nem 


Pattern Maintenance 


[here are also the problems of high maintenance 
osts. A purchasing agent must know the number of 
astings required from a pattern to help determine its 
onstruction. When castings are of intricate design, it 
soften cheaper to make metal equipment for only a 
mall quantity. Metal equipment can save money for a 
uundry and, certainly, for the machine shop which will 
ave more uniform castings to machine. A purchasing 
gent must keep these factors in mind; he must consider 
i job from an overall standpoint. 

here is always the problem of making patterns in 
erchangeable; and here the cost of interchanging 
hould be the guide. Where frequent changes are neces 
ary, the cost of changing may equal or exceed the cost 
{ separate equipment for each job. Separate equip 
nent increases the flexibility of pattern equipment. 
When all factors are considered, the initial cost of 
300d production pattern equipment is certainly a small 
em compared to losses in castings traceable to a cheap 
attern. 

here is an increasing need for pattern engineering 
n foundries. The requirement is for someone who can 
ordinate pattern and flask equipment and show cus 
mers where they can save money. 


Pattern Engineering 


Pattern engineering in a foundry does not in any 
sense require elaborate arrangements. The only essen 
tial is someone who can read a blueprint and can in 
dicate parting lines, core prints, and the type of core 
boxes, driers, etc., which are needed. Such information 
clarifies points for the purchasing agent who, in turn, 
can pass it on to pattern shops, enabling them to quote 
more intelligently and on a competitive basis. It also 
serves as a record for the foundry 

A pattern engineer frequently can be helpful to the 
designer by straightening out a wall or running a boss 
down to the parting line to eliminate a core. Such 
changes reduce pattern and casting costs. A purchasing 
agent should encourage his vendors to offer suggestions 
and should use their suggestions whenever possible. 

A purchasing agent must watch the care and use of 
patterns at his vendors’ plants. Many thousands of dol 
lars have been invested by his company to supply good 
pattern equipment, and much money may be lost in 
rejected castings if care and maintenance of patterns is 
below par 

The foundry industry today is challenged by welded 
and fabricated parts. In the past few years foundries 
have made the purchasing of castings difficult because 
they preferred to run the easier types, thus forcing pur 
chasing agents to go to new fields for substitutes. A vet 
eran foundryman once said that “when they start fabri 
cating odd shaped manifolds,” he would give up the 
foundry business. Today you can buy many odd-shaped 
manifolds for half the cost of castings. However, the 
threat that other products will replace castings need 
not become serious if quality is maintained in castings 
at the consumer's specifications. And good pattern 


equipment is basic to production of good castings. The 
old saying—“‘a casting is only as good the pattern from 
which it is produced”’—remains true. 


DISCUSSION 


Chairman: V. |. Sepuon, Master Pattern Co., Cleveland 


Co-Chairman: A. F. Preiurer, Allis-Chalmer Mfg. Co., Mil 


waukee 


Fk. M. Nemecik': You referred to the Pattern Engineer. Who 
is the Pattern Engineer and where does he get his ideas frome 

Mr. Scuutter: This reverts to the foundryman himself. He 
has to bring up someone in his own organization. I do not think 
it necessarily takes a college graduate to do it. Your Pattern 
Engineer is a man who is familiar with your practices and 
knows the type of patterns you require and can make sugges 
tions to his customer. Many times the design can be modified 
to make a cheaper casting and a better pattern. I think it is 
purely up to the foundry itself 

\ Pattern Engineer is a man who has ability to read a draw 
ing and be able to mark up a blue print so that you will get 
what you want. Some of the men in the pattern shops making 
the patterns had to use their own ingenuity in making the 
pattern. They mostly could carry it a little bit further. Most 
patternmakers have had to take the initiative on that in many 
foundries. The patternmaker had to do it because possibly he 
had a little better knowledge of reading a blue print. I still 
think it ought to be done right out in the foundry The 
patternmaker could do a very good job on it 

Mr. Nemcik: You stated that pattern engineering is pra 
tically done by the foundries today. Does that make your pat 
terns flexible enough? 

Mr. Scnuutter: The buyer ttkes that into consideration. He 
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should also have some knowledge of the facilities you have in 
your plant and the way you want your patterns made. He 
might make a suggestion, too, or go ahead and make it in a 
way that will make it more flexible. Many foundries have 
special set-ups such as large turntables. They make a lot of 
match plates, 15 x 32. Try to place one of those in a commercial 
foundry today. Not many commercial foundries today have that 
type of equipment and facilities. That is what I meant by 
reducing the flexibility 

Memeser: I assume that it would be the buyer's job to fur 
nish the Pattern Engineer or do the engineering. 

Mr. ScHULLER: Your buyer is purely the mouthpiece, eyes 
and ears, for the foundryman. That is why he is to do the 
buying. He is your buyer and you should use him to the best 
advantage by imparting information to him by a marked print 
with which he can intelligently do a job of buying. He must 
be given the proper tools to work with. 

F. L. Guyetrre*: This discussion is particularly interesting 
to me because my training up until about a year ago was in 
tooling for machining operations where tool engineering is of 
major importance to good production machining. 

My first impression upon being transferred to the pattern 
division of our foundry was the lack of planning before pattern 
equipment for various productions was started, much of it being 
left up to the patternmaker as to finish, draft and kind of pat- 
terns and core boxes to be furnished. 

It would appear that the job of furnishing patterns for 
foundry use is as important as are the tools to machine the 
casting made from these patterns. Therefore, why should not 
a central planning department similar to a tool designing de 
partment be of great value to any foundry. 

My lack of foundry and pattern experience makes it difficult 
to decide where the men to man such a department should be 
drawn from. 

I am also perplexed as to why, if this work of planning 
patterns is as important as it now appears to me, more progress 
has not been made in developing men for this type of work. 

rhe point I am trying to make is—can patterns be planned 
and drawn up by a draftsman so the patternmaker can success 
fully make a workable pattern by following a blue print, and, 
is there any merit in following such a system as far as savings 
standardization, economy, etc., are concerned? 

Mr. SCHULLER: You have to create your own Pattern Enginee: 

R. C. Davis*: You ask how we handle our pattern making. 
When we receive an engineering drawing of a cast part we make 
a complete pattern layout showing core prints, drafts, split lines 
partings, loose pieces, core clearance, finish allowed, detail core 
rubbing or grinding jigs, core assemblies and core setting gages, 
coreboxes and driers, and flasks when required. 

These drawings and specifications are given to the Purchas 
ing Department to buy. This eliminates a good deal of trouble 
and allows us to split the work up and place in different shops 
and it comes in the way we want it. 

In experimental work, which in some cases, the design is 
somewhat of an engineer's dream; we try to give them what they 
want because it is in the research stage. But when a part is 
released for production we simplify it as much as possible. 

If we can show the engineers where we can save a little 
here and there by straightening walls or runnig bosses down 
to make better partings and eliminate cores or loose pieces, they 
will modify the design to simplify the molding. 

Memeer: The buyers could do a lot for us as pattern engi- 
neers if they would educate management of their respective 
companies what good pattern equipment costs. We run into 
cases where we quoted and submitted drawings of the type of 
equipment we use in our foundry, a production foundry, and 
in the case of one customer the management of the company 
we were trying to sell said: Patterns cost as much as a house. 

We have pattern equipment that costs a lot more than a 
good house would cost. I think the buyers could do us a lot 
of good if they would go in and sell the management on what 
a good piece of pattern equipment will cost them. 

Mr. ScHuLLeR: I agree with you. It starts right with the 
foundry by imparting information to the buyer. He in turn, 


The New York Air Brake Co., Watertown, N. \ 
* Chrysler Corp., Detroit 


PATTERN PURCHASE CONSIDEE 


has to answer to his superior why he is spending all this 
Of course, it is up to you to remain competitive 
are asking for something that might be several thousan 
in pattern equipment, it is up to you to remain com 
because we will be buying on a competitive market 
G. J. Gepeon*: This dates back about eight years n | 


made a remark in New York to a friend that I though: was 
going to have to go in the pattern shop to get himsé me 
honest-to-goodness help. He did not agree. I want to vou 


if you have ever been able to develop a pattern enginee: 
plant without going into the Pattern Dept. 

J. Kors®: I will answer that, but first I would lik ask 
Mr. Davis if it is possible for him to take any of his | rs 
and let a purchasing agent place those patterns in any foundry 
that says it can make them? I do not believe he can. 

Mr. Davis: I will admit that our patterns are not th exi 
ble. I will say that they can be run in most any modern 
foundry. But in some foundries their equipment would |e dif 
ferent than the equipment for which the patterns were designed 

We have an idea who is going to make the castings and 
design our patterns to suit their equipment. 

It is sometimes necessary to make our patterns two ways 
to suit different foundries. Until the foundries standardix 
their equipment, patterns cannot be made flexible enough 
run in every foundry. 

I figure today that the ordinary patternmaker lacks foundn 
experience. The average shop will turn out a good job if it 
has been engineered and laid out as it should be made. Bu 
give them a plain engineering drawing to work from, it is doubt 
ful if the pattern would be practical for production. 

Mr. ScHULLER: Of course, he is the patternmaker. You can 
not expect him to be a foundryman, too. 

Mr. Davis: I think anyone running a pattern shop should 
have someone with the ability to engineer a complete patter 
equipment. A customer does not like it when he runs int 
trouble and has to make a lot of pattern changes to get it ir 
production. There are some shops that do a good job of patterr 
engineering, which is a real service to their customer. 

Mr. Kors: Until we standardize on equipment in foundries 
to handle all the different types of patterns that are made in 
a manufacturing concern similar to the ones you and I repre 
sent, never will there be a flexible pattern made that can b 
placed in any foundry and get production on it. That is my 
answer to a flexible pattern. One thing the author did not 
mention was that he won a prize at a patternmaking contest 
one year in the A.F.A. 

I am more or less responsible at Caterpillar Tractor C 
for engineering pattern equipment. We design the equipment 
First we find the burden, ask the Planning Department about 
the burden on the molding machine, what unit they would 
like to run the equipment on. If they want to run it on a unil 
where it does not look like the job would be applicable to it 
we make our suggestions. But before a pattern is finally laid 
out, every man in the foundry that has anything to do with the 
equipment has his signature on the pattern drawing. When 
the pattern comes into the foundry, he has his name on th 
pattern layout, and if he has sense of responsibility of helping 
design the equipment, he will make it work. 

At pattern engineer, if he does not take cognizance of th 
foundry that is going to use the pattern and get their explici' 
ideas of the unit they are going to run it on, the type of 
machine, how they will make the cores, in every detail, he is 
not a pattern engineer. 

Joun Gr_*: If you want a pattern engineer, go to the patter! 
shop. Pick out a young man with a little intelligence and ambi 
tion and a little bit of “go-between ability,” one who can g 
to the purchasing agent, the engineer, and the foundry, anc 
work out what is wanted. I think that is the primary thing 
someone who can intelligently suggest the changes which shou! 
be made to help the purchasing agent and the foundry, anc 
still make the pattern a practical pattern to make. 

Mr. SCHULLER: I agree with you 100 per cent. 

MemeeR: I am going to disagree regarding what a patter 
engineer is. It takes a person of experience in the foundry, " 
the core room and in the machine shop as well, because * 
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shop has to cope with all the conditions of the three 
1t departments. 

it does not only say that a pattern engineer must be a 
yman, but also has to be experienced in the core room 
ery department in the foundry. A pattern engineer is 
it is brought up in the foundry and then converted to 
ttern shop. The foundry is the place that you have to 
for a pattern, because there is no equipment in any two 
ies that is worked the same. You can take equipment 
ne particular foundry, and it is not used the same as it 
thers. You can go into a core room and you will find 
nd conditions differ entirely on various jobs that are from 
indry to another. One may have a definite arrangement 
y the sand is arranged for the best results for their cast 
\ll those come in. They are part of a pattern engineer 
he one thing that I had in mind regarding the remark 
tern buying is that concerns interested in pattern buying 
t always interested in the quality of the goods they buy 
are still a lot of them that are interested in the price 
ttached to the drawing when they send it out for 
110ns. 

SCHULLER: I will agree with you there, but I mentioned 
buyers, and it will be in the future where they will have 
more conscious of better pattern equipment to realize 


ter price on the end part of their casting. 
MempBer: What kind of patterns do you have to buy when 
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there are only one to ten castings to be mader Can you use 
patterns like that, or can you cut a few corners 
Mr. SCHULLER: In most cases, unless the job is experimental, 
some sources will ask for ten castings, and two years later the 
job is still running and the foundry is sull using that same pattern 
MeMBER: I found that same condition where I work. We 
make a pattern for six castings and they run 200 
Mr. SCHULLER: I would get after my production department 
Memser: Some purchasing agents do that purposely. They 


pull a pattern from the foundry periodically with that intention 


I caught on to them and I do make pretty good patterns 

Mr. SCHULLER: You have a job of education with your pur 
chasing agent. 

MemMsBeR: There are foundries that we get work from that 
do much planning. They send work in to us from all over 
the country and they expect us to do the work 

We know well that we cannot satisfy these several hundred 
foundries around the country, and so we have tried to get some 
uniformity in patternmaking 

We get patterns from a plant where cope and drag is 
designated by different colored paints. If they want a certain 
size gate thrown into the casting, it is on there. 

CHAIRMAN SEDLON: You have eliminated a good deal of 
trouble by submitting a plan before you go ahead and make 
the pattern. 
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{BSTRACT 

The substitution of thinner walled molds for centrifugal cast 
ing and the use of air or water to cool these molds are some- 
times desirable. For design purposes in such a substitution, it 
is important to know the temperature distribution in molds of 
various thicknesses under the different possible conditions of 
cooling. In the present investigation,* the following variables 
were studied by measuring the temperature distribution in a 
test plate at intervals following the pouring of a casting on that 


plate: 
1. Mold thickness (2 in s. 9 in 


NEW PROCEDURES HAVE BEEN DEVELOPED and used 
for the production of steel castings to meet exacting 
requirements. Among the methods finding increasing 
use is that of centrifugal casting in metal molds. One 
practice in centrifugal casting is to use rather heavy 
cast iron or steel molds, without external cooling, ex- 
cept for the air surrounding them. 

In such instances, the mold weight may be as much 
as six times the weight of the casting produced. Obvi- 
ously, the molds for the larger castings are rather mas- 
sive, and for this reason require complicated and ex- 
pensive machinery to spin them at the desired speed. 
Chen too, the cost and life of centrifugal casting molds 
are of considerable importance when the utility of the 
centrifugal casting method is under consideration. 

Heating and cooling of a mold set up cyclic stresses 
so that hairline fatigue cracks soon develop. The 
cracks grow larger as more castings are made and they 
foster scoring, from withdrawal of the castings, which 
soon leads to complete failure of the mold. When cast- 
ing in a mold, the inner surface is heated much hotter 
than the rest of the mold, and because of thermal ex- 
pansion, a compressive force is set up within the inner 
mold wall. 

Ihe stress is sufficient in a new mold to cause up- 
setting of the inner mold surface so that, when the mold 
is cooled, this part is shorter circumferentially than it 
was originally, thus introducing tension stresses. Since 
compressive forces cause deformation, it is the tension 
stresses which cause cracking. 


* This paper is based on work done under Contract OEMs 
731 between Battelle Memorial Institute and the Office of Scien- 
tific Research and Development, which assumes no responsibility 
for the accuracy of the statements contained herein 


2. Mold coating thickness (0 to 0.04 in.) 
3. Casting thickness (1 to 6 in.) 

#. Cooling media (air vs. water) 

5. Cooling water rate (3 to 9 fps.) 

6. Mold heat conductivity (steel and cast tron vs. copfy 

7. Finned vs. plain plates 

In general, the conclusions are that thinner molds with ai 
or water cooling could be used to advantage and that, to secur 
maximum advantage from water cooling and higher conduct 
mold material, it would be desirable to incorporate an eff. 
thermal barrier on the hot side of the mold 


When the mold is used repeatedly, the stress has a 
cyclic nature such as that which causes fatigue failur: 
When the inner mold surface is hot, it is in compres 
sion and, when cold, in tension. If a constant tempera 
ture difference existed across the mold, no failures 
would occur, because the molds would accommodat 
themselves to this condition and stresses would gradu 
ally decrease to some harmless value. 

Accordingly, the stresses which cause failure are not 
caused by a high temperature difference, but by larg: 
changes in the temperature difference. In other words 
if two similar molds maintained the same outside tem 
perature, and one were heated on the inner surface to 
maximum of 1000 F and cooled to a minimum of 20! 
F, there would be a change in temperature differenc 
of 800 F, while if the other were heated also to 1000 F 
but cooled only to 400 F, the change in temperatu 
difference would be 600 F. 

In all probability, the latter mold would last longer 
because the stress range in fatigue, which is caused by 
the change in temperature difference, would be con 
siderably less than it would be in the first mold. Full 
as much decrease in the stress range is caused by kee; 
ing the inner surface hot between casts as by keeping !! 
cool during the cast. A knowledge of the temperatu! 
distribution in metal molds used in centrifugal casting 
should, therefore, prove important in seeking to 1m 
prove mold design, with resultant influence on mold 
life and the ultimate design of the centrifugal casting 
machine. 

For example, the use of thinner molds cooled 5) 
water or air would lead to a saving in mold weight 
would shorten the casting cycle, and would perm! the 
use of lighter spinning machines. Information as | 
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Fig. 1—Sectional view of 9-in. cast block. 


it flow in molds made of various materials and 
ooled in different ways should help in estimating the 
robable economies which might follow from substi- 
tuting thin-walled, liquid-cooled molds for heavy- 
valled, air-cooled molds in centrifugal casting. 
lo acquire needed information on heat flow in metal 
molds, temperature-distribution measurements were 
made on test plates which were intended to simulate 
sections from the molds. These measurements were 
made at definite time intervals, beginning immediately 
ifter pouring steel on the test plates. The following 
perational variations were investigated: 
|. Nine inch thick, air cooled, cast iron plate. 
a. Mold coating thickness from 0 to 0.04 in. 
b. Casting thickness from | to 6 in. 
[wo inch thick, air cooled, cast iron plate. 
a. Mold coating from 0 to 0.10 in. 
b. Casting thickness from | to 3 in. 
Two inch thick, water cooled, cast iron plate. 
a. Mold coating thickness from 0 to 0.10 in. 
b. Casting thickness from | to 6 in. 
c. Cooling water velocity from 3 to 9 fps. 
wo inch thick, air cooled, steel plate. 
a. Casting thickness from | to 3 in. 
[wo inch thick, water cooled, steel plate. 
a. Coating thickness of 0.04 in. and casting thick- 
ness of 114 in. 
l'wo inch thick, air cooled, finned, cast iron plate. 
a. Coating thickness of 0.04 in. and casting thick- 
ness of 114 in. 
I'wo inch thick, water cooled, finned, cast iron 
plate. 
a. Coating thickness of 0.04 in. and casting thick- 
ness of 11% in. 
['wo inch thick, air cooled, finned, steel plate. 
a. Coating thickness of 0.04 in. and casting thick- 
ness of 114 in. 
I'wo inch thick, water cooled, finned, steel plate. 
1. Coating thickness of 0.04 in. and casting thick- 
ness of 114 in. 
lwo inch thick, air cooled, copper plate. 
a. Mold coating thickness from 0 to 0.04 in. 





Fig. 2—Construction details of 2-in. blocks 


I'wo inch thick, water cooled, copper plat« 
a. Mold coating thickness from 0 to 0.04 in. 
b. Cooling water velocity from 3 to 9 fps. 
The pertinent data obtained in the conduct of this 
investigation are recorded in the following sections of 
this paper. 


Experimental Work 


Apparatus. ‘The cast iron test plates used in this 
study were made from an iron of approximately the 
following analysis: C—3.30 per cent; Mn—0.70 per 
cent; Si—2.25 per cent; P—0.17 per cent; S—0.10 per 
cent. 

The nine-inch plate was a cylinder 10 in. in diameter 
and nine inches thick. Figure | is a sectional view ot 
this plate. The plate was designed with a central plug 
instead of as a solid block for two reasons: 

First, because of the limited diameter of the mold, 
the plug assembly was added insurance that the direc 
tion of heat flow was perpendicular to the surface; and 

Second, it facilitated accurate location of the ther 
mocouples. The plate was set in a wind box with its 
bottom surface forming the top of an air chamber hav- 
ing a l4 x 8 in. cross section. 

The plate was insulated around the cylindrical sur- 
face with one inch of Sil-o-cel. Sil-o-cel was also used 
to insulate the central plug from the main block. A 
motor-driven fan forced air through the air chamber 
at a rate of 189 cipm or a linear velocity of 13,600 fpm 
corresponding to the relative velocity at the outside of 
a 9-inch-thick, 24-inch-inside-diameter mold spinning 
at 1300 rpm. The rate of air flow was controlled by a 
sliding gate valve, and measured by the pressure drop 
across an orifice. 

Ihe thin plates were five inches square and two 
inches thick. The steel plates were made from forged 
steel of the following composition: C—0.37 per cent: 
Mn—0.82 per cent; Si—0.25 per cent; Cr—1.12 per cent; 
Mo—0.24 per cent; Ni—0.05 per cent (residual). The 
copper plate was made from forged tough pitch coppe! 

Figure 2 shows the detailed construction of the thin 
plates. It was assumed that, in such a thin plate, heat 
flow would be perpendicular to the surface, at least 
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in the central section where the thermocouples were 
located. The air and water boxes for the thin plates 
were similar in construction, having fluid spaces ot 
4 x 41% in. cross section (the fluid space for the finned 
plates was increased by the amount of metal removed 
in machining the fins) . 

Air rates were 85 clpm (237 cfpm for the finned 
plates to keep the linear velocity constant), corre- 
sponding to the relative velocity at the outside of a 
two-inch-thick mold, 22 in. inside diameter, spinning 
at 1300 rpm. Water rates were 1.4 and 4.2 cipm (a 
linear velocity of 3 and 9 fps), except for the finned 
plates where 3.9 cpm (corresponding to a linear flow 
of 3 fps) was used. ‘The water was recirculated from a 


reservoir. Water and air rates were controlled by gate 





Mold for 9-tn. plate. 


Fig. 3 (above) 


Fig. 4—Set up for producing test blocks. 
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valves and measured by orifice meters 

The molten steel was confined to the surface of 
plates by core-sand rings, one inch thick and t 
inches high. (In the case of the six inch thick 
ings, the ring height was 614 in. and the ring wa: 
sulated with one inch of Sil-o-cel. To prevent exces 
heat loss by radiation, a one-inch-thick transite | 
was laid over the top of the ring after the casting was 
poured. The steel was poured through a pouring 
having openings concentrically located around 
thermocouple positions. 

Figure 3 is a picture of the top surface of the ni 
inch-thick block with the sand-core ring in place. The 
ring was made rigid and heavy by an outside shel! of 
l% in. sheet steel. A general view of the apparatus with 
the nine-inch-thick block is shown in Fig. 4. The air 
delivery pipe with gate valve and pressure gage is 
seen at the left and bottom of the photograph. 

The pipe was flattened out as it reached the test 
block in order to accommodate it to the cross section 
of the air chamber. A pouring cup is seen in place over 
the sand core above the test block. The shielded ther- 
mocouple leads extended from the mold up to the 
cardiograph and portable potentiometers on the table 

A general view of the setup for the thin plates is 
shown in Fig. 5. The air box (2) is shown empty, 
while the water box (1) is shown with a plate in place 
Che plates were clamped in position. Leakage was 
prevented by using rubber gaskets. One of the typical 
castings (3) is shown. Double-throw knife switches 
(4) were inserted in the thermocouple circuits, so that 
a test could be made with air cooling immediately after 
one with water cooling. 

The readings of the top four thermocouples were 
taken with a Sanborn porto-cardiograph which re- 
corded the voltage from these thermocouples and from 
two standard sources on a strip of photographic paper 
Che temperatures of the bottom three thermocouples in 
the nine-inch plate and the bottom thermocouple in 
the two-inch plates were measured with portable po 
tentiometers. 

Locations of the thermocouples in the plates were as 
follows: 





Thermocouple Distance From Top Surface, In. 


No. 9-In. Plate 2-In. Plate 
] 0 0 
2 0.1 0.1 
3 0.5 0.5 
4 15 1.0 
5 3.0 1.9 
6 6.0 - 
7 8.9 = 


A string galvanometer in the cardiograph was actr 
vated by the thermocouple voltage, and the shadow 
of the string was recorded on a strip of photographic 
paper. Also recorded automatically on the paper was 
a series of lines 4%, of a second apart. 

To switch from one thermocouple to another, a ro 
tating drum, with cams to actuate individual switches, 
was used. This drum was rotated at about 60 rpm. 

Because the galvanometer of the cardiograph wa 
limited to 6 millivolts, a proportioning shunt registet 
was used to reduce the voltage of the thermocouples 
and of the standards to approximately &% of their origt 
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lue. The thermocouple leads were shielded to Taste I1.—Test Conpirions FoR ALL PLATES 
t pickup of stray alternating currents. 
Procedure. With the nine-inch plate, the car- 
ph camera was operated continuously for the 
o minutes, then for a few seconds at a time at 
inute intervals between two and ten minutes, 
jute intervals between ten and 20 min. and at 
inute intervals between 20 min. and 60 min. after 





el was poured on the plate. 


a... 


h the two-inch plates, the camera was operated 
juously for the first two minutes, then for a few 
ls at a time at half-minute intervals between 
inutes and ten minutes, at minute intervals be- 
ten and 15 min., and at five-minute intervals 
en 15 and 30 min. after the steel was poured on 


Water, 
Water, 
‘ast 2 Water, 
‘ast oT Water, 
‘ast T Z Wate 

“ast iro Wate 

‘ast Water, 
“ast iron d Water, 


ate 
hough the spots on the cardiograph record were 
50 F wide, it was possible, by using similar reter- 
points on each spot, to read the temperatures 
n +10 F. 
idings on the portable potentiometers connected 
the lower thermocouples (3 for the 9-in. plate, | Steel ; Ate 
the 2-in. plates) were taken every half minute for Steel - Air 
Steel Air 
Water, 
Wate 
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first ten minutes, then at minute intervals to 20 Steel 
on the nine-inch plate and to 15 min. on the two- Steel 
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Fig. 5—Arrangement for tests on thin plates; water 
x with plate in position for testing; 2, air box, empty; 
typical test casting; 4, knife switches for change-over 
m one box to the other; 5, ice bottles for cold junc- a 
n; 6, gate valve; 7, thermometers; 8, leads to cardio- Copper 

raph, shielded against current pick-up; thermocouple Soe 


eads, also shielded. In order to prevent leakage, rub- Copper 
: Copper 


Steel, finned 
Steel, finned 


“I~ 
an 


Nm bh 


mM NM Ne tN be ba 
AAAAA 


~~~ ss 7 





ber gaskets were used in clamping plates. 
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Tasl_e 2.—TemMperature Disrripurion Data FOR THE NiNe-INcH Cast IRoN Mo wp, Ark Cooiep ar 189 ¢ { 
Conditions for Tests Data — 
Cast 
Mold rime to Max lime to Max 
Coating Intended Max Max Temp Max. Temp in 1 
lest Thicknes Thickness, Weig lemp Temp Temp., Difference, Difference Difie 
No In Ir Lb I Fk Min F. Min 
8 0.04 114 25.5 2965 1084 3 975 3 ) 
9 0.04 11, 26.0 3010 1044 4 917 4 
10 0.01 1! 25.0 3015 1359 1 1209 1 11 
i1 0.01 11, 27.0 3020 1313 3 1185 3 11 
19 None 11s 26.0 3005 1281 3 1142 3 11 
20 None 1, 26.0 3000 1453 3 1320 3 13 
0.04 1 17.0 3000 1001 3 866 3 9 
15 0.04 l 16.0 3000 1031 3 903 3 g 
16 0.04 } 48.0 3020 1399 8 1229 5 12 
17 0.04 3 18.0 3020 1366 7 1206 6 12 B 
125 0.04 6 96.0 3000 1573 8 1428 6 14 
126 0.04 6 96.0 2980 1475 10 1305 6 1314 ul 
on a _ TEST NO.9 0.80 per cent Mn, and 0.40 per cent Si. Other variable. 1 
= wottttt+++++tt+1+1+ ccarine-008. were kept as nearly constant as possible. 
< iat SSeeeeeee EMPERATURE - 3010* F . : ya 
¥ aia rT [| TTT Castine weicnT - 26 POUNDS Duplicate tests were made under each set of cond 
1200 F++++TTTTTTTTTTT vocation oF THERMOCOUPLES . a ld 
F woof lt ll No 1-ar ror suarace tions. Reproducibility appeared to be good in mos 
Ms NO. 2-0 10" FROM TOP SURFACE ; 
= = TTTTTTTTTT o3-080° «© + instances. 
4 900 $+} + 1 1} } + NO.4-1.50" «= l 
® | | NO. 5 -3.00" During most of the tests, measurement of the incor 
2 0 t+-+-+-+ NO.6-6.00 : ‘ m 
2 100 ing and outgoing coolant temperature was mad 
» = intervals. Typical data are as follows: 
4 800 
= 400 ] 
$ 300 ; Nine-Inch Cast Iron Plate, Air Cooled (Test 19 : 
e 200 ttt oto tJ res 
| | | | 
@rTTItiililliliitlitittitittitt lt Time From Inlet Air, Exist Air, 
© on 4 & & 1012 14 16 18 20 82 25 2428 S032 34 36 30 4042 4446 405082 54 565860 Casting, Min oF oF. al 
TIME FROM CASTING (MINUTES) a = oeiepenne on 
0 114 111 ? 
10 121 125 L1¢ 
Fig. 6—Time-temperature curves, test No. 9. 20 121 132 le 
30 122 136 
40 120 137 rh 
inch plates, and at five-minute intervals thereatter. 60 121 137 ms 
In all cases, the mold coating was applied by spray- \) 
y WI e plate at about 200 F, and was furthe + . _ 90 
Ing ith the pl Box negate ong F fu re = T'wo-Inch Plate, Air Cooled (Test 58) cre 
torch dried at about 350 F. Thickness of the coating fl 
was measured with a depth micrometer. When the Time From Inlet Air, Exist Air 
bare plate was used, mold wash was applied at posi- Casting, Min oF. oF. : ; 
- _ - —— dul 
tions located under the pouring-cup holes (but not 0 117 117 a 
over the thermocouple locations) , to prevent damage 2 117 147 a 
to the plate by abrasion and erosion from the liquid ‘ 7 160 aoe 
a ; 6 117 156 a 
steel. Composition of the mold wash in parts by volume ‘ 17 156 le 
was 400 parts “Dicalite” (U.F.Grade) *, 24 parts Ben- 10 117 149 ™ 
tonite, 8 parts 17 per cent waterglass, and 400 parts 20 117 144 i 
water. 25 117 142 So 
Data were taken under the specific conditions listed ; 
able +a oe . 
in Table I. 4 sa Fo I'wo-Inch Plate, Water Cooled (Test 41 ncl 
\ll the castings on the nine-inch plate and the six- \ 
inch castings on the two-inch cast iron plates were lime From Inlet Water, Exist Wat 
poured at 3000 F, all others were poured at 3100 F. Casting, Min °F. °F. 
Initial plate-temperature variations amounted to but 0 65 65 7 
a few degrees in the thin plates and to about 100 F 2 65 68 I 
in the nine-inch plate, but these variations seemed to 6 65 68 
si ‘ sili : s 66 68 *} 
have no significant effect on the data. The analysis ot a 7 
a 10 66 68 
the steel poured was approximately 0.30 per cent C, 15 67 67 
20 67 67 Ml 
, . : 95 67 67 
* Dicalite is ; mmerciallvy available product consisting of ci 
Icalite I i co ercl il € | « { sis 30 67 67 ¢ : 
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exit coolant reached its maximum temperature 
sut the same time that the bottom surtace ot the 
This 
be expected. Data for the other tests are sim- 


was at its maximum temperature. is as 
» those presented and are of the same order ot 


itude. 


Discussion of Experimental Results * 
Inch-Thick, Atr-Cooled, Cast Iron Plate. Fig 


6, 7 and 8 are time-temperature curves for this 
under some of the conditions already listed in 
|. Table 2 gives some of the pertinent data 

d trom 


these curves. By “maximum tempera 


lifference” in this and succeeding tables is meant 

reatest difference in temperature between the top 
ind bottom thermocouples found during the test run 
\y “maximum change in temperature difference” is 


t the difference between the maximum tempera 


ture difference and that temperature difference exist- 


it the start of the test (the latter frequently being 


Results fell in the direction expected. Thinner mold 
atings gave rise to higher temperatures, and the 


maximum temperature was reached more quickly. 


[hicker castings also gave rise to higher temperatures, 

these temperatures were maintained for a longe 
maximum temperature did not increase 
inilormly with casting thickness but approached a 
mit with the thicker castings. 

Two-Inch-T hick, Air-Cooled, Cast Iron Plate. Fig 
ires 9 through 11 are the time- temperature curves fon 
forth in 
lable 3 gives some the pertinent informa 


plate under some of the conditions set 


lable 1 


ion derived from the curves. A mold coating 0.01-in. 


thick seemed to be rather ineffective in cutting down 
the maximum temperature, although it did increase 
lightly the time required to reach that temperature. 


The 0.04-in. coating was effective in keeping down th« 
iximum temperature, 

\lthough the maximum temperatures increased with 
ncreased casting thickness, the maximum temperature 
lifference was a maximum with the 114-in. thick cast 
ng. Since the maximum temperature and the time to 

ach that maximum temperature increased with cast 
g weight, while the rate of temperature increase on 


the cold side of the mold during this interval remained 


ractically constant, some intermediate casting size re 


sulted in the lowest maximum temperature differenc« 


In other words, with light castings, the maximum 
mperature, though low, was reached before the cold 


ide of the mold was affected, while the heavier castings, 


maximum temperature was high and not offset 
ithciently by the rise in temperature on the cold side. 


With castings of intermediate thickness, the maximum 


mperature was reached at a time when the cold side 
mold had also been heated appreciably. 


[wo-Inch-Thick, Water-Cooled, Cast Iron Plate. 


‘igures 12 through 16 are the time-temperature curves 


a more detailed presentation, see Final Report on “An 
s of Heat Flow in Metal Molds for Centrifugal Casting of 
lubes, Airplane Cylinders, Tank Bogey Wheels, and Other 
Materials.”” National Defense Research Committee of Of 
Scientific Research and Development. OSRD No. 1935 
No. M-138, October 12, 1943. 
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for the tests on this plate under some of the condi 
lable 1. 
pertinent data derived from the curves. 


tions listed in Table 4 gives some of the 

The effect of mold coating was as expected, the 
maximum temperature decreased and time to maxi 
mum temperature increased with increasing coating 
thickness. As with the air-cooled plate, the 0.01-in 


coating was not very effective. 


Increasing the casting thickness, increased the maxi 
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Taste 3.—TeMPERATURE DistRIBUTION DATA FOR THE PLAIN Cast IRON Two-INCH PLATE, AIR COOLED AT 85 
* Condit for Tes Data — 
Cast 
Time to Tir 
Mold Intended Max Max Max. Temp Max 
Pest Coating Phickness Weig! lemp., Temp.. lemp., Difference, Difie 
No ft In Lb I F Min F. M 
Errect OF Mortp CoatinG [THICKNESS 
72 0.04 1! 9.0 3100 980 334 500 
74 0.04 1! 9.0 3100 917 sl, 500 
80 0.01 1! 9.0 3110 1160 2! SOO 
124 001 1! 9.0 3110 1067 3 720 
64 None 14 9.0 3100 1257 214 800 
OS None 1! 90 3100 1200 214 705 
EFFECT OF CASTING WEIGH! 
95 0.04 ] 5.0 3100 867 114 585 
123 0.04 1 5.0 3100 S88 11s 540 
72 0.04 114 9.0 3100 980 334 500 
74 0.04 1l4 9.0 3100 917 314 500 
78 0.04 3 14.0 3100 1080 5146 610 
1400 - 
TEST NO. 64 | s 
1300 f-++++ + + + 4 + + 4 HH HH , TEST NO. 10 
= BLOCK - 2" PLAIN CAST IRON 3 BLOCK -2” PLAIN CAST IRON 
- Net COATING-NONE DB 1200 F-+- +++ 44+++4+ +4 +4++4+++ COATING -0O.10" 
? \\ SC RRSRRSERRECK POURING TEMPERATURE - 3100° F z POURING TEMPERATURE - 3 
= TENN CASTING WEIGHT - 9 POUNDS’ gj «(100 CASTING WEIGHT - 9 POUND: 
a Wt COOLING AIR AT 65 CU FT/MIN © 1000 LOCATION OF THERMOCOUPLE 
z ae NN, LOCATION OF THERMOCOUPLES = on err tT TrerrT?T TITTLE tiit NO.1-AT TOP SURFACE 
. : Li i tit) )) No.t-ar TOP SURFACE “ 900 NO. 2-0.10" FROM TOP SURFACE 
w N\ | NO. 2-0.10" FROM TOP SURFACE Ss NO 3-050" » . 
2 f ~~ NS eal +f NO 3-0 $0" s , ps wa 800 }~ See Seer eersas NO. 4- 1.00" 
rc) 1 ~ >. NO.4-1.00" » 5 5 NO.5 - 1.90" 
3 / rT oS 190" » w 700 KN 
w w / 
2 Mensa = 500 H/o AN 
4 } } tt 4 j - / INN 
40 an KH 
: S200 H/ESNSXSS 
z $ 300 f//,- WX Bee 
- | ~ SS 
- 200 I]; SS SSS 
a ee 
00 a 
6 86 10 I2 14 16 16 20 22 24 26 28 30 32 34 36 38 40 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 384 
TIME FROM CASTING (MINUTES) TIME FROM CASTING( MINUTES) 
400 oT 1400 rT eee 
TEST NO. 78 TEST NO. 34 
1300 Rett ttt eet at teat P : = 1300 T ou: $—p—4_—4_- F444 4 4 | 
oom — é —— CAST IRON ~ | | BLOCK-2” PLAIN CAST IRON 
= 1200 He +4 COATING - = oo Rt teh }} vt dye 
w POURING TEMPERATURE - 3100°F z | ahora . -- -3100°F | 
= 1100 | CASTING WEIGHT -!4 POUNDS “woorrttttiiirii ttt a _ 
be & | | CASTING WEIGHT - 9 POUNDS 
¥ SER SRERZES COOLING AIR AT 85 CU FT/MIN ab anes ESRRSRED COOLING WATER AT 1.4 CU FT/MIN 
x ‘000 Fy ry T LOCATION OF THERMOCOUPLES 1000 eTTT TT ts 
vd NO. |-AT TOP SURFACE os LOCATION OF THERMOCOUPLES 
xe. @f0 EK A/D were ee toto tT st 
._ NO 2-0.10" FROM TOP SURFACE 8 NO.1-AT TOP SURFACE 
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Figs. 10 (top) and 11—Time-temperature curves for, 
respectively, tests 64 and 78. 


mum temperature and also the time to reach that 
maximum; however, the maximum temperature dif- 
ference was observed for the 1-in. casting instead of for 
the 114 in. casting, as was the case with the same plate 


air cooled. 
With the six-inch casting, the mold surface began 
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far 


Figs. 12 (top) and 13—Time-temperature cut 
respectively tests 110 and 34. 


to cool earlier and at a faster rate than it did alle 
pouring the three-inch casting. Also, the cooling curv¢ 
remained at a fairly constant temperature during th 
six-to ten-minute interval after pouring. This 0)s¢rv* 
tion was consistent in three tests with the six-ind 
casting. It is believed that this behavior of rapi< coo 
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gLE 4.—TEMPERATURE DISTRIBUTION DATA FoR PLAIN Cast IRON Two-INcH PLATE, WATER CooLep at 1.4 CFM. 
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TABLE 5.—EFFecT OF COOLING WATER RATE ON THE TEMPERATURE DISTRIBUTION DATA FOR THE PLAIN CAstT IRON, 
THE PLAIN STEEL, AND THE Coprper Two-INCH PLATES. 

















Conditions for Tests Data 








Cooling Casting Time to Time to 

Water Mold _ aeration : Max. Max Max. Temp Max. Temp 
Test Rate Coating Weight Temp., Temp., Temp.., Difference, Difference, 
No Fps In. Lbs. F °F. Min I Min 






IRON Two-INcHu PLAT! 


2 3 0.04 8.5 3100 846 2 670 1! 
34 3 0.04 9.0 3100 1017 770 114 


PLAIN CAST 













Nm 










0.04 8.5 3100 931 


2 a 765 1 l4 
30 9 0.04 9.0 3100 898 
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Nw hy 






PLAIN STEEL Two-INcH PLATE 






700 
610 








615 
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Copper Two-INcu PLATE 


3 0.04 9.0 3180 264 110 
100 3 0.04 9.0 3080 310 1 125 i 



























105 9 0.04 9.0 3100 264 1 129 1 
106 9 0.04 9.0 3100 260 1 123 1 












[TABLE 6.—TEMPERATURE DISTRIBUTION DATA FOR THE PLAIN STEEL Two INCH PLATE, Arr CooLep at 85 CFM. 








Conditions for Tests Data 
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—— . Time to Time to 
Mold Intended Max. Max. Max. Temp. Max. Temp. 
lest Coating Thickness, Weight, Temp., remp., Temp., Difference, Difference, 
No. In. In. Lb. y > F. Min. F. Min. 
EFFECT OF CASTING WEIGHT 
5.0 3100 843 14 575 1 
0 3100 912 2 570 1 
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Figs. 14, 15 and 16 (from top down) —Time-tempera- 
ture curves for, respec tively, tests 120, 43 and 128. 


ing alter reaching the top temperature resulted from 


cooling of the metal while the bulk was still in the 
molten state, 

The interruption in cooling atter six minutes was 
thought to be caused by release of heat during freezing 
of the The more gradual cooling 
after pouring the three-inch casting can probably be 


explained by the release of heat on solidification at 


unsolidified steel. 


the same time the maximum mold temperature was 
being reached. 
In Table 5, the ettect of water velocity is shown tor 


this plate and also for the steel and copper plates. For 
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Figs. 17, 18 and 19 (from top down) —Time-temp: 


ture for tests 25, 57 and 49, respectively. 


the cast iron plate, changes in water rate, in the rang 
investigated, had little eflect. 
Two-Inch, Atr-Cooled, Steel Plate. 
time-temperature curve for one of the tests on the a 
cooled steel plate (see Table 1). Table 6 contains ' 


Figure 17 is : ~ 


— 
pertinent data taken from these tests. 

The effects of increasing casting weight were to !! it 
crease the maximum temperature reached, to increas re 
the time to reach that temperature, and to reduc 
cooling rate. ix 

Two-Inch, Water-Cooled, Steel Plate. Figure 18 1s 4 I 


time-temperature curve for one of the tests on 
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TABLE 7.—TEMPERATURE DisTRIBUTION DATA FOR PLAIN Copper Two-INcu PLATE. Arr Coo.ep at 85 


CFM. aAnp WATER Coo.Lep at 1.4 CFM 


















Conditions for Tests Data 
Time ti Time t 
Mold Casting Casting Max Max Max. Tem] Max. Temp 
est Coating Weight lemp Tem] remp Differencs Differenc: 
N Ir Lb I I Mir I Mir 


















Am Coortep—Errect or Motp CoatinGc THICKNESS 





108 0.04 R 5 3050 691 5 111 1 
109 0.04 9.0 3100 774 $ 12 








3120 935 169 
3100 960 ) 187 1 





3100 925 3 244 
3100 9YOS 3 236 





WatTeER Cootrp—EFFECT or 





Mo.tp CoaTInG THICKNESS 







QS 0.04 90 3180 264 1 110 34 
100 0.04 9.0 3080 310 1 125 44 
101 0.01 9.0 3080 479 l 50 l4 
104 0.01 9.0 3100 453 225 ! 






None 3100 1066 ibout 3 sex 1066 ibout 3 sex 
122 None 9.0 3100 868 ibout ? sex 868 about ? sex 

















TABLE 8.—COMPARISON OF TEMPERATURE DISTRIBUTION DATA FOR THE VARIOUS PLATES 
(0.04 In. DicaLire CoaTInc, 114 In. CAstINnc) 














Max 
Time te Change in rime to 
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9S Water? 3180 264 | l 
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cooled steel plate (see I able 1). Pertinent data temperature curves for the two-inch, finned plates (sec 

ven in Table 5. An increase in rate of water flow lable 1). 

d to be effective to a small degree in reducing ‘The temperatures within the air-cooled,finned plates 

mum temperatures. of both cast iron and steel differed very little from 
!wo-Inch-T hick, Finned Plates, Cast Iron and Steel, those within the corresponding solid plates under 





d Water Cooled. Figures 19 through 22 are time similar conditions. On the other hand, the finned 
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Figs. 20,21, 22 and 23 (from top down) —Time-tempera- 


ture curves for tests 73, 54,79 and 108, respectively. 
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Figs. 24, 25 and 26 (from top down) —Time-tempera- 


ture curves for, respectively, tests 117, 100 and 121. 


plates, when water cooled, tended to be at lower tem 
peratures than the water-cooled solid plates unde! 
corresponding conditions. 

Two-Inch Copper Plate, Air and Water Cooled 
Figures 23 through 26 are time-temperature curves tor 
some of the tests on the copper plates with air and with 
water cooling (see Table 1). Table 7 contains per 
nent data from these curves. 

An important change resulting from the u 
copper plate was the accentuation of the effect of the 
mold coating. In the case of the copper pl: 
maximum temperature was reduced much | 


ot a 


re by 
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0.04 in. of mold coating than was the case with 
er the cast iron or the steel plates. This effect was 
ticularly noticeable when the copper plate was 
ter cooled. The 0.01 in. of coating on the air-cooled 
yper plate was relatively ineffective in reducing the 
ximum temperature, but on the water-cooled coppe1 
te this thickness of coating lowered the maximum 

\perature considerably. 

[he maximum temperature differences across the 

pper plates were never very large in any test. 

\n increase in the rate of water flow increased 

chtly the maximum temperature difference (see 

ible 5). 

Other Comparisons. Temperature distribution data 

the various plates, both air and water cooled, and 
ated with a layer of refractory wash 0.04 in. thick, 
pon which steel to a thickness of 114 in. was cast, are 

ympared in Table 8. 

[emperatures measured on steel plates tended to be 
slightly higher than those measured on cast iron plates 
inder corresponding conditions. Temperatures on 
both steel and cast iron plates were much higher than 
those measured on copper plates under corresponding 

onditions. 

Water cooling as compared to air cooling was detri- 
mental (in respect to maximum change in temperature 
differences) in all cases where an effective thermal 
varrier on the hot side of the mold was used. A 0.04- 
in. thick coating was effective as a thermal barrier in 
ilmost all cases. 

The two-inch cast iron plate was the only one that 
ould be compared logically with the nine-inch cast 
iron plate (see Table 2 and 3). Although the maxi- 
mum temperatures reached were not far different in 
the two cases, the maximum temperature difference 
was much greater for the thick plate. Counteracting 
this toa large extent was the longer time to reach maxi- 
mum temperature for the thick plate. A disadvantage 
f the thick plate was the longer cooling time. 


Conclusions 


rhe results of the investigation would indicate the 
ollowing: 

1. A thin plate offers the following advantages over 
the thick plate: 

a. Less metal (and the operating advantages re- 
sulting from this) . 

b. Lower temperature and smaller temperature-dit- 
‘erence changes (probably resulting in longer life) . 

c. Faster cooling time. 

rhe chief disadvantage of the thin plate as com- 
pared to the thick plate is the faster realization of the 
maximum temperature difference giving less time for 
stress relief. 

2. The finned plates tested offer no particular ad- 
vantage over the solid plates, although in the case of 
water cooling, the maximum temperature was lowered 
slightly. 

3. A mold coating of approximately 0.04 in. thick- 
ness is effective in reducing mold temperature, and 
ilso in increasing the time to maximum temperature. 
\ coating 0.01 in. thick is only slightly effective in 
most cases. 
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$. An increase in casting weight increases the maxt1- 
mum temperature, the maximum temperature differ 
ence, and the time to maximum temperature. There 
appears to be a critical thickness of casting above which 
a further increase in thickness does not affect the tem- 
perature difference in the mold. ‘his observation may 
not be of general application, but may apply only to 
the experimental conditions that were investigated, 
where the increased casting thickness increases the 
quantity of heat lost through parts other than the mold 
wall. 

5. The temperature rise in a steel plate seems to 
be somewhat higher than in a cast iron plate for cor 
responding conditions. 

6. An increase in thermal conductivity of the plate 
(copper as compared to cast iron or steel) is beneficial 
with air cooling. This benefit is brought about by 
higher temperatures on the cold side which reduce the 
temperature differences within the plate. In the case 
of water cooling, increased conductivity is definitely 
detrimental, on the basis of temperature differences, 
unless accompanied by a good thermal barrier on the 
hot side of the plate. The temperature differences are 
then reduced by a reduction in temperature on the 
hot side. 

7. An increase in the rate of water flow within the 
range employed in the investigation is of little conse- 
quence. If anything, on the basis of temperature dif- 
ferences, an increase in water flow appears to be 
slightly detrimental from the fact that it lowers the 
cold-side temperatures without affecting the hot-side 
temperatures. 

8. Water cooling tends to hold the cold-side tem- 
perature constant, thereby effecting an increase in the 
maximum temperature difference. This is particularly 
evident in the case of the copper plate. It can be oft- 
set by coating the hot side of the plate with a thermal 
barrier which reduces the maximum temperature. 

9. Because of relatively large heat losses through 
parts other than the mold wall, the experimental re- 
sults obtained are relative only. In a mold, the heat 
loss through the mold wall should be larger. In centrif- 
ugal casting practice, for example, where the inside 
surface of the casting is radiating heat against itself, 
and the end areas are relatively small compared with 
the surface in contact with the mold, most of the heat is 
dissipated through the mold wall. In the experimental 
arrangement, an appreciable quantity of heat was dis- 
sipated to the air and to the sand-core ring surrounding 
the casting. 
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DISCUSSION 


Chairmar J. B. Caine, Sawbrook Steel Castings Co., Cincin 
nati 
Co-Chairman: C. K. Donono, American Cast Iron Pipe Co 


Birmingham 


G. VENNERHOLM Ihe subject is of vital importance for an 
body that uses metal molds for centrifugal casting. We did a 
lot of work during the war in casting cylinder barrels for ou 
Pratt & Whitney engines, and in order to control the uniformity 
and the rate of cooling, we found it necessary to cool the molds 
before each cast 

In other words, we had a continuous casting machine consist 
ing of individual carriages coupled together, each fitted with 
a centrifugal spinning arrangement. Each spinner consisted of 
a set of rollers driven by a motor mounted on the individual 
carriages and the mold was placed on these rollers and rotated 
while the metal was poured in and during solidification. At 
the shakeout station the mold was actually lifted off, the casting 
removed and the mold passed through a water spray and cooled 
to below 300° F. and then reheated to 350° F. before being 
returned to the conveyor. 

Possibly a lot of this could have been eliminated if time had 
been available for the necessary research. As the problem, how 
ever, was one of getting the castings out in a hurry we did the 
best we could and it worked very satisfactorily. We actualls 
made three castings per minute per machine; two of which 
were In operation 

It may be of interest here to mention the approximate analy 
sis of the molds used as we spent a considerable amount of 
time in trying various materials. The best results were obtained 
with the material containing: carbon 0.18 to 0.23, manganese 
0.40 to 0.60, chrome 1.50 and molybdenum .50; in other words 
a steel mold which had excellent resistance to heat checking 

Co-CHAIRMAN DoNonHo: How thick is this mold in relation to 
the casting 

Mr. VENNERHOLM: The casting wall thickness was approxi 
mately 14 in. and the mold about 114 in 

Co-CHAIRMAN Donono: I might add along that line that we 
did much the same sort of casting, using a cast iron mold about 
four times as thick as the casting, and with an air cooling only 
between casts. With our set-up the experience was that the 
cast iron was less prone to cracking by heat shock than the 
steel molds we tried. Probably the control of mold temperature 
makes all the difference as to which mold material works best 

Mr. VENNERHOLM: It would have been impossible with our 
molds to run it continuously. The success was in the cooling 
operation between casts, which this material permits 

CHAIRMAN CAINE: One thing that struck me is the possibility 
that this paper contains a great deal of basic information on 
heat extraction through chills, and I would like to ask whether 


Ford Motor ¢ Dearborn, M 





TEMPERATURE DISTRIBUTION IN METAL Me 


there is any reason why we could not use some of this int 
tion for studies of heat extraction into chills 
Mr. Upy As I tried to point out in the paper, our 


figures were relative only, but I think the same relation w 





be applicable to chills as well as to metal molds 

Co-CHAIRMAN DonouHo: Did you make any observation 
the condition of the steel, the surface, etc., for these diffe 
conditions and with the different coating thicknesses? The 
is only half the story; we have to consider the casting 

Mr. Upy: Our work was done with 0.30 carbon, 0.60 m 
nese steel, aluminum killed. We discarded considerable 
because bubbles were formed immediately over the the 
couple's location. We overcame that difficulty by being 
careful in drving our mold coating and by melting down 
slightly oxidizing conditions 

Co-CHAIRMAN Donono: Did thicker mold coatings show 
tendency to blow or form pinholes 

Mr. Upy: No, the tendency was about equally evident for 
thicknesses used 

\. K. BreepLe:? Why did you pick a 0.040-in. wall thick: 
Generally when we get a mold, we go down to 0.002 in 
maybe 0.010 in. maximum. 

Mr. Upy: We wanted enough variation to establish a tre 
We actually used three thicknesses, the bare mold, 0.01! 
0.04 in. We found it hard to put a coating on under 0.0! 
and still be able to accurately reproduce the thickness of t} 
coating 

Co-CHAIRMAN Donono: There is data in the paper on coating 
of 0.01 in 

Mr. VENNERHOLM: Was the coating sprayed on and the m 
dried? 

Mr. Upy: It was sprayed on with the mold around 200° | 
so it would not bubble, and then further torch dried at aroun 
$50° I 

Mr. VENNERHOLM: It occurs to me, that the thickness seems 
to be greater than we would normally use. We like a rather 
thin wash, because of the danger of a heavier wash peeling off 


and interfering. ex 

Mr. Upy: I have heard of applications where instead of using 70 
a wash, dry silica sand is put into the mold and that serves as tin 
a refractory coating. The thickness of that would be about five - 


millimeters 
R. E. Kerr:3 Would a comparison between this data and cl 
apply? I believe in this data you have a metal mold conducting 


heat from the molten mass to the air, so conduction would b the 
a major factor, and, of course, radiation from the metal in R, 


the air, whereas with the chill, you would have a small m 
mass completely surrounded by sand. Usually the metal mass 
would heat up rather rapidly, with smaller gradation of ten 
perature across the surfaces. In my estimation, the chill we 
act more as a heat condenser, whereas the metal mold mor 

a heat conductor. 


2 Aluminum Company of America, Clevelan« 
3 Pettibone Mulliken Corp., Chicago it 
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{iBSTRACT 
This paper presents some fundamentals for taking timestudies 
nolding for correct interpretation of timestudy data. The 
sus timestudy elements are defined and discussed, actual test 
1 being used in the examples 
The logical method for setting standards is by formula de 
ed from analysis of enough timestudies on any one operation 


ver all of the variations on elements normally encountered 


‘THE PURPOSE OF THIS PRESENTATION is not to go 
nto a comprehensive study of all the details of time 
study, but rather to present a few fundamentals which 
experience has shown us to be necessary for taking 
good timestudies, for the correct interpretation of the 
timestudy data, and for its consistent and logical ap 
plication in setting incentives. 

Ihe elements to be considered in the discussion are, 
|. Pace Rating (or leveling) in a timestudy and 
the establishment and maintenance of consistent 
Bench Marks” by which to measure pace rating. 
2. The proper use of Fatigue Factors. 
3. The timestudy sheet and the comparison sheet 
!. Deriving a formula from the timestudy data. 
Setting standards from the formula. 


Pace Rating 


Pace rating (or leveling) is an attempt on the part 
yf the timestudy observer to measure the effort and 
performance of the worker being studied so that all 
ybservations can be reduced to terms of normal, o1 
standard work time. Leveling is a fundamental step 
in setting up consistent incentives. However, without 
a yard stick to measure by, the pace rating of the ob- 
server is too much a matter of personal judgment and 
is subject to too many variations due to the human 
lement and to the abstract nature of the problem 

lo get one step closer to consistent pace rating and 
iltimately to better incentives, it is necessary to estab- 


lish and maintain certain standards of performance 


tor elementary movements of the body which are con- 
sidered normal or standard. These are termed Bench 
Marks of performance. Then, by repeated observa 
tions of these clocked movements, the observer learns 
to judge first, a normal pace, and secondly, to what 
legree or percentage any faster or slower movement 
ies from the normal. 


\fter the initial training of the timestudy observer 


in this technique, his sense of values or ability to 
judge normal performance may change or grow stale. 
Such a change may take place over a long period of 
time and be almost imperceptible, and will, in time, 
result in consistently loose timestudy data. Hence it 
is important to go through the routine of measuring 
and adjusting the observers’ sense of judging standard 
performance periodically by the Bench Marks origi 
nally set up. 


Basic Normal Paces 

The following are the basic normal paces for the 
various elementary movements of the body most often 
encountered in timestudy work. ‘These have been 
used repeatedly in timestudy as a basis for normal per- 
formance with uniformly good results. From these 
basic normal paces a Bench Mark performance rou- 
tine may be set up. Then, with a clear picture in 
mind of a normal pace for various single movements 
of the body, the observer can logically rate more 
effectively of two or more movements at a time 

| WALKING at a normal pace is 414 feet per 
second or 45 feet in 10 seconds. When rating and 
judging this pace it must be remembered that it is a 
normal pace for an entire day and not just for a few 
minutes, and is such that an average person in good 
physical condition can easily keep up the pace for an 
entire day without undue fatigue 

2. Wrist Movement. While sitting in a com 
fortable position at a table, take a pack of 26 cards in 
one hand. From that position, if all of the cards are 
dealt into four piles on the table, reasonably close to 
gether, in 14 seconds, the dealing hand has moved at 
a normal pace. 

5. Forearm Movement. Swing the forearm in 
a 90° are, cither horizontally or vertically, keeping 
it straight at the wrist and without moving the upper 
part of the arm. The pace is normal for this move- 
ment when 10 complete cycles (round trips) are made 
in 8.3 seconds 

f Wrote Arm Movement 
the shoulder through a 90° arc, either horizon 
tally or vertically, keeping it straight at the elbow. 


Swing the arm from 


The pace is normal when ten complete cycles are com- 
ple ted in 14.3 seconds. 
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TABLE 1.—TABLE FOR RATING WITH DECIMAL STOP-WATCH PACES OTHER THAN NORMAL 


Walking 52.8 ft. Forearm Card Dealing Whole Arm Torso 
Rating Time Rating Time Rating Time Rating Time Rating I 
— — 50 .280 50 460 50 480 50 
a 60 .233 60 .384 60 400 60 
70 .200 .70 328 .70 343 .70 
75 .267 75 187 75 306 75 320 75 
80 250 .80 175 .80 287 80 300 .80 
85 236 85 165 85 270 85 .282 85 
90 222 .90 156 .90 .255 .90 .266 .90 
95 211 95 148 95 242 95 .252 95 
1.00 Std. .200 1.00 Std. 140 1.00 Std. .230 1.00 Std. .240 1.00 Std. 
1.05 .190 1.05 133 1.05 219 1.05 .228 1.05 428 
1.10 182 1.10 127 1.10 .209 1.10 218 1.10 408 
1.15 174 1.15 Zz 1.15 .200 1.15 .208 1.15 
1.20 167 1.20 117 1.20 191 1.20 .200 1.20 
1.25 .160 1.25 112 1.25 .184 1.25 192 1.25 i 
1.30 154 1.30 107 1.30 176 1.30 185 1.30 34 
1.35 .148 1.35 103 1.35 .170 1.35 .178 1.35 33 
1.40 143 1.40 100 1.40 .164 1.40 171 i.40 21 
1.45 138 1.45 097 1.45 158 1.45 165 1.45 $1 
1.50 133 1.50 .093 1.50 153 1.50 .160 1.50 301 
1.60 125 1.60 .087 1.60 144 1.60 -150 1.60 281 
1.70 118 1.70 .082 1.70 135 — -— — - 
1.80 All 1.80 .078 1.80 128 1.80 133 1.80 250 
1.90 -105 1.90 074 1.90 121 -- == — 
2.00 100 2.00 .070 2.00 115 2.00 .120 2.00 225 





5. Torso Movement. Bend the upper part of 
of the body forward at the hips from a vertical to a 
horizontal position through an arc of 90° and return 
to a vertical position. The upper part of the body is 
moving at a normal pace when ten complete cycles are 
made in 27 seconds. 

From these normal paces Table 1 has been made up 
by which paces other than normal can be rated with 
a decimal stop watch. In the tables, ratings are ex- 
pressed in decimals. They can also be expressed as a 
percentage of normal. That is a rating of 1.10 equals 
110 per cent of normal, and a rating of 0.80 equals 80 
per cent of normal. 

Figure | is a sample score sheet which can be used 
for testing and adjusting the observers’ ability to pace 
rate correctly. 

It is fairly easy to judge a pace that is near normal. 
Paces slower than 75 per cent of normal or faster than 
125 per cent of normal are more difficult to judge. 
Therefore in scoring the score sheet an error of 5 
per cent in the rating is considered correct when the 
actual pace is between 75 per cent and 125 per cent 
of normal. On the other hand, when the actual pace 
is slower or faster than the 75 to 125 per cent limits, 
an error of 10 per cent in the rating should be con- 
sidered correct. 

\n average score of more than 25 per cent wrong 
means that more practice at rating is needed. 

Fatigue Allowances 

One of the greatest causes of erratic and inconsis- 
tent incentives in the past has been the irrational ap- 
plication of certain allowances in excess of the nor- 
mal time for doing a job. 

It is generally accepted practice to make a 5 per 
cent allowance over normal for the personal needs of 
the worker. However, the indiscriminate use of other 


blanket allowances, or the improper application of 
any allowances will result in inconsistent incentives 


and give rise to the complaint on the part of certain 
workers that their jobs are too “tight’’ in comparison 
with some other jobs. 


Test “1 - WALKING 
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Fig. 1—Score sheet for adjusting observers’ ability to 
pace rate correctly. 
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they occur, allowances should be made for such 
s as inherent delays, supplemental operations 
yvered by the operation studied, flow time where 
4 more men or groups must coordinate their 
or preparation and cleanup. However, such 
ances should never be made without adequate 
and serious consideration of all the elements in- 
d. In making any allowances over the normal 
for doing a job, remember that once a precedent 
it is dificult and sometimes impossible to elimi- 
or change it. 
perience has shown that a blanket allowance for 
sue or Relaxation, which has been common prac- 
in the past, has contributed much to inconsistent 
ntives. 
all jobs were equally fatiguing, the allowance 
light be disregarded completely and an overall ad- 
just ment made in the rate of pay for the time allowed. 
is would be a factor in Job Evaluation). Obvi- 
sly, some jobs are more fatiguing than others, and 
iny one job some elements will require a high 
amount of exertion while others have little or none. 
operator who shovels sand from a heap needs a 
much higher fatigue allowance than one who uses a 
sand slinger or has the sand delivered by an overhead 
conveyor. Similarly the operator who carries out his 
molds from the bench puts forth more effort than one 
who merely slides his mold onto a conveyor. 

[he proper method of applying fatigue allowances 
is not on an overall basis, but rather by adapting it to 
the various types of movement involved and varying 
it with the force exerted or the weight handled by the 
operator. Since the timestudy breaks each job down 
into its elements, and since the standard data from 
which the formula is derived is built up in a like 
manner, it is not difficult to apply fatigue factors in 
this way. 

lable 2 is a general table of fatigue factors includ- 
ing a 5 per cent personal allowance. This table can be 
used as a guide in making elemental allowances in the 
standard data. The marked differences shown in the 
table between the smallest and the greatest fatigue 
allowance emphasizes the inconsistencies that can re- 
sult from the use of blanket allowances for fatigue in 
all operations and on all classes of work. The writer 
does not claim that this table is scientifically correct. 
Because of the complicity of factors involved it is 
doubted whether any similar data will ever be proved 
scientifically. In the writer’s opinion, however, if used 
with reason and judgment, the values in the table 
will give satisfactory results, and refinement of data 
must eventually come through use and experience. 

lable 2 is carried into weights not normally han- 
dled to any great extent, thus insuring that all factors 
are adequately covered. Consistent necessity for using 
the very high factors will indicate that labor saving 
equipment might be installed to good advantage. 

Use of the factors in Table 2 will be demonstrated 
later in the discussion. 


Delay Allowances 


lable 2 gives the “Personal” and “Fatigue” allow- 
ances that can be used in the incentives derived from 
timestudy data. As stated before, other allowances, if 


TABLE 2.— TABLE OF FATIGUE VALUES 





Part of the Body Force Exerted or Weight Handled in Lb. 
Used and Type of 0- ll 3l- ‘5il- 76 101 125 


>= 


Movement 10 30 50 75 100 25 up 


Hands and Fullarm 1.06 1.08 1.14 2 1.39 

Hands, Fullarm and 
Shoulders 1.07 

Hands, Fullarm, 
Shoulders and Back 
partly bent 
(less than 45°) 

Hands, Fullarm, 
Shoulders and Back 
partly bent 
(more than 45°) 

Carryout and Close 

Carrying an Object 
Walking 


1.09 1.17 150 





they occur, should be made. In this discussion other 
allowances such as inherent delays and supplemental 
operations will be grouped under the heading Delay, 
and the total of these three allowances is then labeled 
PFD for brevity. 

Delay allowances should be determined on a per- 
centage basis by all day studies on the particular 
operation under consideration. From such time stud- 
ies, such elements of delay as can be, are eliminated 
by changes in shop methods, and whatever delays or 
supplemental operations cannot be so eliminated are 
allowed in the final standard as a percentage of the 
total work day. Such allowances must be carefully 
considered from all angles before being made. 


The Timestudy Form 


Figure 2 is an example of one type of timestudy 
form. This can easily be duplicated on any ditto 
machine or mimeograph. 

The headings at the top of the form are self-ex- 
planatory. It is important, when the observer takes 
a study on any job, to write down all the specifica- 
tions of the job. The specifications should include 
such items of information as pattern number, flask 
size, type of sand, depth of pattern draw, depth of 
cope lift or any other data effecting the timestudy 
time that is not normally noted during the course of 
the study. If necessary, rough sketches should be 
made on the back of the timestudy sheet. More than 
enough of this type of information is much better 
than too little. Later, when the data is to be analyzed, 
lack of a vital bit of information may invalidate the 
use of a part or all of the study. 

In taking the study, the time, in hundredths of a 
minute, is entered opposite the element on the line 
marked IT (time) in each of the ten numbered col- 
umns, Fig. 2. The line marked No. (number) is for 
recording the number of items involved in the time 
where such information may later prove useful, such 
as, shovels of sand, number of vents, number of gates 
cut, gaggers set, etc. 

It is not necessary to record ten complete cycles to 
get a good study. However, the more cycles taken the 
better the results will be. 

The Total column is for convenience in making 
the calculations when the study is worked up. The 
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TIMESTUDY DATA = SHEET 


CEPT... _ OPERATION vitamin ‘IW 

SPECIFICATIONS —_ — OPERATOR __----___ | SHEET NO.__OF 
ibenumein — CLOCK NO... IDATE..s— 
ee ESE Sl(téss lL 


_ __ APPROVED BY____|SToP TIME ____ 


ELEMENT DESCRIPTION | 1/2) 3/4/ 5| 6| 7|8| 9/10] TOTALIAVE.|L. F./EVELESIDE DIsTaNo, 
= . 





T 


REMARKS 








Fig. 2—Sample of Timestudy Data Sheet. 
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\yerage is obtained by dividing the Total by the num- 
of cycles. 
he Column marked L. F. (leveling factor) should 
illed in by the observer when the study is being 
n or immediately thereafter while still watching 
operator at work. The leveling factor is a com- 
te or average rating of the operator over all of the 
s recorded for each element. Another method of 
ling called “Speed Rating” is a valuable check on 
overall method usually employed. In Speed Rat- 
the observer will note on any single elemental 
time in the study the leveling factor for that time 
alone. The nearer Normal the pace of the operator is 
more accurate the Speed Rating will be. Later, 
n the study is worked up, the speed rated singie 
multiplied by its LF should equal the average of 
Jl the times multiplied by the overall LF. 
[he column marked Leveled Time is the product 
f the Average times the leveling factor used for each 
ment. This Leveled Time, also known as Normal 


Oor 


«<J) 


Time, is the figure entered on the Comparison Sheet 
which is used in analyzing the timestudy data and 
setting up the final standard formula. 

If it is necessary to set a standard directly from the 
timestudy, the column marked PFD is provided to 
enter the combined Personal, Fatigue and Delay fac- 
tor, which, when multiplied by the Leveled ‘Time, re- 
sults in the Standard for the clement. This is entered 
in the last column on the timestudy form. The total 
of the elemental standards will then give the standard 
in minutes for the job. This can then be converted in- 
to whatever terms it is most desirable to use. For 
example: 

1. To get Standard Hours for the job, divide the 
standard in minutes by 60. 

2. To get pieces per hour for the job, divide 60 by 
the standard minutes. 

3. To get a PW Price multiply the standard min- 
utes by the base hourly rate divided by 60 (i.c. Base 
Rate per minute). 


TABLE 3.—COMPARISON SHEET—SNAP FLASK, MATCH PLA1E MOLDING 





Time Study Number l 2 3 4 
Pattern Number C7763 115Q 57-1-214 B69S04C 


Flask Size, in. 


semble Flask and —— 

Matcn .206 d 296 147 
1 In (Drag) — AS 053 116 
le Facing = 233 3 340 224 
) = 213 26 135 216 
ig 128 13; 193 .180 

el Sand and 

Board On .088 ALE 099 .136 

t 028 O35: .078 058 

051 ‘ 116 165 

Band In (Cope) -= 07S 055 070 

Riddle Facing “ 186 J 257 205 

Heap ~ 198 206 178 1438 

Peen ws 112 ae 121 .134 

Level Sand and 
Board On ~ .189 7 138 245 

Hand Pack Facing .040 05 083 042 

Squeeze - 075 : 119 .090 

Board Off si .094 — .075 055 

Cut Sprues (2).218 238 .188 (1).190 

Vents (15) .084 55 099 (30).136 

Blow Off Cope .130 BET. 108 212 

Cope Offand On Table .164 077 .080 118 


] 
Rollover 


T1001 
10x 14x4/4 11x18x5/5 TIx18x5/5 14x14.5/6 14x14x5/5 1314x18x5/5 1314x18x5/5 12x20x6/7 16x16x7/5 16x16x7 


5 6 7 8 9 10 
C7765 I504A 1002 0 P 
7 7/5 5 


275 243 250 370 289 145 


mi 


104 O89 053 105 109 118 
.143 185 304 270 290 343 
319 379 
ALS 124 154 215 192 234 


195 340 212 254 


.268 .232 234 266 .168 .173 
.063 — 
.104 101 .097 135 .092 124 
097 085 
231 224 223 240 292 351 
.240 .270 
154 157 227 .265 323 378 


065 150 113 O63 
095 15 069 069 


173 395 358 326 


he 


310 155 165 330 224 192 


355 045 O61 


.100 082 110 110 097 5 
.060 059 
1).133 (2).156 614 (1).160 2) .249 5) 626 
.120 (13).092 193 (20) .120 5).192 5).163 
.099 — 300 185 314 161 
253 .093 .209 


062 .085 .063 046 


$20 138 176 


227 ).322 





Clean Sprues (2).220 ; 077 (1).099 (1).200 152 3).234 (1).180 
Blow Off Match 064 071 .069 076 088 —_ .144 .170 121 056 
Thru Vent — — (2).134 (13).561 —- — (3).285 — 154 
Draw Pattern 117 OS 168 148 132 ‘ 121 150 A171 168 
Patch and Finish Mold .080 340 052 110 : .083 .289 157 595 
Set Small Core (2) .336 : _ (1) .223 — ( (1).180 (1).180 181 -— 
Set Nails (5).211 ne om sn (1). on (7).440 173 = 
Mold Out, Drag and 

Cope .138 ‘ ; 174 — — . 
Drag Out and Position — om 185 106 174 
Returnand Get Bands — 121 080 095 066 
Cope Out and Close .237* 352 222 275 
Remove Snap Flask .086 .080 077 O99 
set Small Ramup Core — - 
Trim Mold . ; d : 135 088 
Return : : — 09! Of d 081 


ie Pattern .188 
Hammer Bottom Board .0! ; .068 059 
Clean Pattern .070 — 
set Chills (16) 1.600 (1).22¢ - — 
Blow Out Drag — .288 0S -- — 175 
Flask Volume 1120 1980 L 2430 $120 $072 
Joint Area 140 198 243 240 256 


* Cope Closed at Bench. 
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DEPT. 5 OPERATION SQUEEZER STUDY NO. 4 
SPECIFICATIONS __ PATTERN 869304 C_ OPERATOR JOHN DOE | sueeT NO._1 OF_2 | 
14X14 x 5/6 CLOCK NO.__462 DATE YUNE 3, 1939 
OBSERVER__W. LS, START TIME 8.46 | 
APPROVED BY_______|STOP TIME__9.27 | 
ELEMENT DESCRIPTION | 1|2/3/4/5/6/ 7/8) 9 |10}TOTAL! Ave.) L. F.|MEYELE TD Folstanp, 
ASSEMBLE FLASK Sa 14/11/12/18 -67 |.134/110 |.147 
BAND IN at 12/15| 9/86 -58 |.116 |100 |.116 ; 
SET CHILL us 14/25|20/23\27 1.09 |.218 |105 |.229 
RIDDLE FACING ao 16/17/20/18 .94 |.188 |120 |.224 | 
TUCK FACING ae §1/3!:3/13/3 17 |.034/125 |.042 : 
T/23/13/26/19117 -98 |.196 |110 |.246 
HEAP 4'/3/4/3/3 _ 
JOLT Ti4\sl6lale -25 |.050|115 |.058 _ 
PEEN T/17/14/15/16/20 -82 |.164/110 |.160 
LEVEL & BOARD ON Tiaa/12/47/10/12 -62 |.124/110 |.436 = 
HAMMER BOARD Ti6é'9\/e!6|7 -36 |.072/100 |.072 i 
ROLLOVER aot 15/15/17/15 -75 |.150/110 |.165 = bs 
BAND IN TT] 7/5] 7 |10/ 6 +35 |.070 |100 |.070 m - 
RIDDLE FACING aot 16/17/20|/16 -86 |.172/120 |.206 RE 
HEAP Tl12\13/12/15/13 L -65 |.130/110 |.143 | | ra 
N"Oi}3'3/3/3/3 | | CO 
PFEN kd tila2iialsais2] [| -61 |.422/110 [134 | J ‘ae 
LEVEL & BOARD ON T/25/2 6|27/23/28 - 129 |.258| 95 |.245 7 , TR 
SQUEEZE Tlié;/a{\|e/7]7 -36 |.072/125 |.090 : art 
Tis|5/4a/4]/5 -23 |.046|120 |.055 | 
BOARD OFF . | 
N az 
REMARKS OVERALL TIMES 4.81 - 4.68 - 4.31 
__OIL PATTERN 1,21 
___ PERSONAL .O8 —d 











Fig. 3—-Sample of actual timestudy data on Squeezer 
Operation. 
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TIMESTUDY DATA SHEET 





DEPT. OPERATION STUDY NO. 4 

SPECIFICATIONS B 69304 Cc OPERATOR SHEET NO. 2 OF _2_ 
CLOCK NO. DATE 
OBSERVER START TIME 
APPROVED BY_______| STOP. TIME ___ 


FLEMENT DESCRIPTION |1]2|3 7] 8| 9 |10] ToTAL|AvE,|L. F.|V\se|RFO, STAND. 
' .190| 100 | -190 | t 
- 
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(Fig. 3 Cont.) 
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The writer wishes to stress the tact that as few 
standards as possible should ever be set directly from 
timestudy. Even with the prescribed technique for 
keeping the observer's pace rating within reasonable 
limits by the use of the Bench Mark routine discussed 
previously, there is still the chance that timestudy 
observations will vary as much as 15 per cent above 
or below the normal time. This will give inconsistent 
standards when they are set up directly from time- 
study. 

The only logical method for setting standards is by 
formula derived from analysis of enough timestuclies 
on any one operation to cover all of the variations on 
elements normally encountered. When the formula ts 
completed, standards should be set from it only, and 
further studies taken if and when exceptions to the 
formula become apparent, due to elements or varia- 
tions not picked up in the original data. 


The Timestudy 


Figure 3 shows a typical study of a snap flask job. 
At the bottom at the left (Fig. 3) of the timestudy 
under remarks the overall times shown are clocked 
times for complete cycles of the job. The observer 
does this while he is recording the various elements 
of the cycle preparatory to taking the elemental times 
which are recorded in the numbered columns. He 
may also clock one or two complete cycles in the mid- 
dle of the study for relaxation, or near the end of the 
study while he is noting the leveling factors for each 
element. 

The start and stop time for the study at the top of 
the sheet show a total elapsed time for the study of 41 
minutes. Counting the overall timed cycles and the 
eclementally timed cycles, there are a total of eight 
cycles to the study. From the 41 minutes elapsed time 
is deducted 1.21 minutes for oiling the pattern (note 
at bottom of Fig. 3 left) which can be considered sup- 
plemental operations, and 0.08 minutes for personal 
(also noted under remarks). This gives a total work- 
ing time of 39.71 minutes for the study which, divided 
by the eight cycles gives an average time per cycle of 
4.97 minutes. This is a good figure to use in checking 
the standard derived from the formula when it is 
finally set up. 

The study here shown is incorporated in the com- 
parison sheet from which the formula is subsequent- 
ly derived. 


The Comparison Sheet 


The Comparison Sheet is a summary on one large 
sheet of the Leveled Times taken from the various 
timestudies of the operation which are to be pulled 
together into a formula. On it also is noted other 
pertinent data for the derivation of the formula such 
as flask size, flask volume, pattern number, etc. 

Comparison sheet used in this discussion is shown 
in Table 3. Limitations of space have made it neces- 
sary to cut down on the number of elements involved 
in all of the timestudies. Only those elements recur- 
ring frequently are shown. In any operation ten to 
fifteen studies should be enough to derive a formula 
for all the regular elements. That is, those elements 
which occur in every job in that operation. 


TIMESTUDY TECHN10: ¢s 


More studies may be necessary to obtain data on i) 
extra, or non-recurring elements which may be en. 
countered in the various jobs of the operation, but it 
is necessary to record these on the original Com 
ison Sheet. 


Analyzing the Timestudy Data 

In setting up Standard data the elements involved 
are divided into two classes, (1) regular elemeiits, 
and (2) extra elements. The regular elements ajc 
those that always occur in each cycle of the operation, 
and the extra clements are those that may occur in 
varying amounts or may not occur at all in some jobs 
of the operation. 

Assemble Flask and Match, Band In, Riddle Fac. 
ing, Heap, Jolt and Rollover are examples of regu. 
lar elements. Set Cores, Chills, or Nails, Cut Sprues, 
and Thru Vents are examples of extra elements. In 
the final application of the formula all of the regular 
elements can be handled in total for each flask sive. 
However, to arrive at the values to be used in these 
totals the timestudy data must be considered one c'lec- 
ment at a time. 

The extra elements must be set up in the final 
formula as separate items to be applied or omitted 
as the job in question calls for. 


The Element Assemble Flask and Match 

The first regular element encountered on the Com- 
parison Shect is Assemble Flask and Match. 

Visual inspection of the Comparison Sheet shows 
that the values for this element are higher for the 
heavier weight flasks. Logically then, the first step 
would be to plot the normal times from the compar- 
ison sheet against the weight of the flask — or substi- 
tuting the perimeter of the flask (P) times the depth 
(D) for weight, since PxD is directly proportional to 
weight, values in Table 4 are plotted in Fig. 4. 

Figure 4 shows that two points are out of line so 


TABLE 4.—ASSEMBLE FLASK AND MATCH ELEMENT 
VALUES FOR FLASKS OF INCREASING WEIGHT 





P x D, Sq. In 


Study No. Normal Times, Min, 











l .206 384 
2 274 580 
3 .296 580 
+ 147 616 
5 275 560 
6 243 630 
7 .250 630 
8 370 832 
9 289 768 
10 145 768 
.40 | | | | | 
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Fig. 4—Plot of timestudy data in Table 4 for element 
Assemble Flask and Match. 
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y are disregarded. The curve drawn through the 

r points indicates that regardless of the flask 

sht there is a constant value of time that occurs in 
element. This constant value is .1] minutes. 

f, in the opinion of the person analyzing the data, 

points are near enough in line in Fig. 4, the formu- 

nay be derived directly from this graph for the 

nent Assemble Flask and Match. To do this the 

owing steps are taken: 

Select a value of leveled time where the line 

sses a given value of PxD. The value of PxD 

should be as great as possible, and should be an even 

number for simplicity of calculation. The value of 

Leveled time where the line crosses the 1000 PxD 

is 0.363. 

From this value (0.363) subtract the constant 

e of 0.11 where the line crosses zero PxD line. 

e remainder 0.253 is the variable time for 1000 


For each 100 PxD then, the variable time would 
0.0253. 

Ihe formula for normal time for any given flask 
would then be 0.11 plus 0.0253 per 100 sq. in. PxD. 
Caution: In plotting graphs and deriving formulas from them, 

vays lay off the time element on the vertical axis of the graph 
the variable factor on the horizontal axis, and a/ways start 
variable factor at zero. Otherwise mathematical complica- 
s will occur with this method which will cause bad errors 
the formula derived. It is always best to check the formula 
ved with some other value of the variable factor than that 


TABLE 5.—DATA FOR DETERMINING APPROXIMATI 
CONSTANT FOR AN ELEMENT 





Var. Time 
Time Actual Less Var. per1000 Plus Adj. per Leveling 
Study Time Const. Time Px D Const. Time Hour Factor 


Operations 


206... Ai 096 250 + .I11 .260 167 100 
274 Jl .lo4 aos + Jl 393 153 100 
Ssi2 — .j] 202 348 Jl AD58 131 95 
AS — 35 O24 039 + .Il1 149 403 110 
266 «= 5] 136 243 Al Ri, 5. 170 110 
Sd = 29 133 ati + 21 321 187 100 
218 —. .}1 .108 Ade + 8 282 213 115 
370 — .ii 260 312 Jl 422 142 100 
SE cm BT 153 199 + .Il 309 195 110 
132 — J] 022 029 Al .139 431 110 








-\ 
© 


THROWN OUT —~ {' 
4 + i e/ 
ASSEMBLE FLASK & MATCH 7 
NORMAL OPERATIONS PER HOUR — 160 
NORMAL TIME — .375 MIN. PER 1000 SQ. IN. PxD 
OR .11+ .0265 PER 100 SQ. IN. PxD 





PFD FACTOR OF 1.11 
FORMULA FOR STANDARD-.122 + .0294 PER 100 SQ. IN. Px D 


© 











50 
LEVELING FACTOR 


5—Plot of data for element Assemble Flask and 
itch for determining standard formula from it for 
this element. 


999 


selected to derive the formula. If the check point found using 
the other value of the variable falls on the line, then the 
formula is correct. 

5. The tormula derived above is for normal time. 
To this must be added allowances for Personal, 
Fatigue and Delay (or supplemental operations). 
Since the element of Assemble Flask and Match in- 
volves the use of Hands, Fullarm and Shoulders, and 
the weight of each part handled is between 11 Ibs. and 
30 Ibs., the Personal and Fatigue Factor from Table 2 
is 1.09. Assuming a 0.02 factor (2 per cent) for in- 
herent delays and supplemental operations, which 
would be determined by all-day studies on this opera 
tion, the total PFD (Personal, Fatigue and Delay) 
Factor would be 1.11. 

6. Multiplying the formula values for normal time 
found in No. 4 above by the PFD Factor 1.11 we 2et 
the formula for the Standard allowance for this ele 
ment, which is: 

0.122 plus .0281 per 100 sq. in. PxD. 

If however, in the opinion of the person analvzing 
the data, the points in Fig. 4 are too far out of line, 
or if there is reason to feel that the leveling on some 
of the studies is wrong, then the procedure outlined 
below is followed, using from Fig. 4 only the constant 


0.11 minutes. 


Significance of the Constant 


In plotting graphs and deriving formulas from 


them it is well to understand the significance ol the 
constant. It may be thought of as the normal time tor 
the element, if the variable factor were zero. In this 
case on the element Assemble Flask and Match, the 
constant 0.11 may be thought of as the time to go 
through all the motions of the clement with a flask of 
definite size and shape, but weighing nothing since 
the factor PxD is proportional to weight. In an cle- 
ment such as shoveling sand where the molder must 
reach for the shovel regardless of the amount he its 
going to shovel, then throw the shovel into the heap 
when he is through shoveling, the constant is the time 
vaiue for doing these parts of the element that are 
not dependent on the factor, which would be volume 
in case of shoveling sand. 

With these ideas of the reason for the constant in 
mind, it is not difficult, in plotting a graph, even 
though the points may not “line up” to determine the 
approximate constant for use in the following method 
of plotting Fig. 5 and determining from it the stand- 
ard formula for the clement. 

1. List the actual average times taken from the time- 
studies. (Not the leveled times from the comparison 
sheet, Table 3.) 

2. From the actual average times deduct the 0.11 
minutes found to be constant for a!l flasks from Fig. 5. 

3. The remaining time is variable depending upon 
the total PxD (equivalent to weight). Adjust this 
time in each study to a value equivalent to a P?xD of 
1000 sq. in. 

4. Add again the constant 0.11. 

5. Convert these times to operations per hour by 
dividing into 60 minutes. In other words, for the 
actual time the operator spent doing the operation in 
each case, how many times per hour could he do it if 
the flask had a PxD of 1000 sq. in. 








TABLE 6.—FORMULA SUMMARY SHEET—REGULAR ELEMENTS, SNAP FLASK, MATCH PLATE 





250 
Flask Size, in. 10x 14x$ 5 11x18x5/5_ 11x18x 1342x18x5/5 13 
Assemble Flask .263 .292 326 -308 
Bands In (2) — 2138 218 218 
Riddle Facing—Cope 

and Drag 478 564 565 630 
Sand In—Cope and Drag .440 527 587 595 
Peen—Cope and Drag .260 332 332 386 
Level Sand and Board On .418 A418 418 A18 
Jolt 065 065 078 065 
Rollover 117 .146 155 155 
Hand Pack Facing 064 064 054 064 
Squeeze 107 .107 107 .107 
Board Off .076 .076 .076 .076 
Normal Vent 090 127 127 .156 
Blow Ott Cope .130 .157 157 .180 
Blow Off Match .074 .074 .074 074 
Finish Mold 086 086 086 .086 
Remove Snap 094 101 101 101 
Trim Mold .076 .076 .076 .078 
Clean or Partine Pattern .166 .166 .166 .166 
Hammer Bottom Board — .068 .068 .068 .068 
Close and Carryout 493 -740 891 905 
[TOTAL STANDARD FOR 

REGULAR ELEMENTS 3.565 4.405 4.672 4.836 


2x 18x 


346 


218 


.630 
608 
386 
A418 
.078 
.166 
.054 
-107 
.076 
156 
.180 
074 
.086 
101 
.078 
.166 
.068 
1.210 


5.276 





TECHN! 


[IMESTUDY 





12x20x5/5 12x20x6/6 16x16x5/5_ 16x16x6/6 14x20x5/5_ 14x 


311 349 311 349 322 

218 218 218 218 218 2 
.628 .628 653 653 .689 ( 
590 663 613 691 651 7 
385 385 405 A405 433 i 
Al8 A418 418 418 418 j 
065 .078 055 .078 065 { 
-157 169 161 173 192 2 
.064 .064 064 .064 .064 OO4 
.107 107 .107 .107 107 

.076 .076 .076 .076 .076 ( 
.154 154 164 .164 179 179 
.176 176 .184 .184 195 

.074 074 .074 .074 074 07 
.086 .085 .086 .086 O86 O8 
101 101 01 101 101 | 
.078 .078 .078 .078 .078 0 
.166 .166 .166 .166 .166 166 
.068 .058 .068 .058 .068 O68 
.897 1.200 1.110 1.260 1.180 1.58 
1.829 5.258 5.122 5.413 5.362 5.928 





6. ‘hese operations per hour for each study should 
be directly proportional to the pace rating given the 
operator by the observer on this element. 

7. Plot the operations per hour against the pace 
rating for the element, Fig. 5. 

8. Figure 5 confirms the fact that points disre- 
garded in Fig. 4 were out of line due to poor leveling. 
All the other points are fairly well in line. In this 
type of graph the line is always drawn through zero, 
and the average of the points not thrown out. 

9. The normal operations per hour is found where 
the 100 leveling factor line and the average line cross. 
Caiculations and values used in Fig. 5 are shown in 
Table 5. 
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11007 NORMAL OPERATIONS PER HOUR - 613 
fa a ie 
1000} NORMAL TIME - .098 PER BAND _ a 
“ PFD FACTOR OF 1.11 ° 
Z go0}— STANDARD ALLOWANCE - .109 PER BAND OR, 
a .218 PER FLASK e 2 
& 800 1 f t 
2 
° 700 Ps A 
. 
& 600 | : 
a 
° s0c t ,—8 _, 
@ 
400 ; + " + , + + +~— r 
300 
200 
100} —+4 
0 
0 50 90 100 10 120 
LEVELING FACTOR 
Fig. 6—Plot of data from Table 7 for element 


Bands In. 


10. The normal operations per hour is divided into 
60 minutes to find the normal time per operation in 
minutes. 

11. From the graph this normal time is found to he 
0.375, which is made up of the constant 0.11 anc the 
variable of 0.265 for a flask with a PxD of 1000 sq. in. 
or 0.0265 per 100 sq. in. 

12. For this element the PFD factor, as previously 
explained is 1.11. Therefore the formula for the 
standard allowance for this element will be 

0.122 plus 0.0294 per 100 sq. in. PxD. 
It will be noted that the variable derived from Fig. 5 
differs somewhat from that derived in Fig. 4. This is 
due to the fact that the leveling in Fig. 5 is weighted 
as to its accuracy, while in Fig. 4 the leveling is as 
sumed to be accurate in all cases. 

13. List on the formuia summary sheet eight or ten 
flask sizes most commonly in use, being sure that such 
sizes cover the largest and smallest flasks that will pos- 
sibly be used in this operation. Calculate from the 
formula in No. 12 above, the value of this element 
for each flask size listed on the summary sheet and 
enter these calculated values. Summary sheet is shown 
in Table 6. 


The Element Bands In 


Assuming that the element Bands In for both cope 
and drag should be constant for all sizes, since size or 


TABLE 7.—TIMESTUDY DATA ON ELEMENT BANDS IN 














DRAG COPE 
Time Actual Oper. Actual = Oper. 
Study L.F. Time per Hour L.F. Time per Hour 
l No bands used No bands used 
2 125 110 545 110 072 B%4 
3 125 050 1200 110 50 120) 
4 100 116 517 190 070 857 
5 115 0 667 115 084 715 
6 100 RY 675 110 077 779 
7 125 M42 1430 190 095 682 
8 100 105 572 100 115 522 
9 110 099 606 110 063 m3 
10 1m 118 424 110 063 58 


— 
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TABLE 9.—CALCULATIONS AND TIMESTUDY VALUES FOR ELEMENT RuippLe FACING OF Drac AND Corer 





DRAG 


Va 
Variable 
lime 


Less 
Constant 


Actual 


‘Time SK 


O92 
.154 
176 
000 
VIVO 
O12 
156 
126 
146 


192 


212 
274 
296 
.186 
130 
162 
276 
246 
204 
312 


ho NO DO bS PO 


nN hor 


~ 


L 


~~ 


ti 


OAY 
162 
103 
052 
O90 
034 
.083 
.120 
145 
214 


169 
282 
223 


-9 
hian 


210 
.204 
.203 
240 
265 


334 


riable 


per 1000 


|- in. 


.656 


od dd 


3383 


337 


O51 


173 


642 
524 


570 


.750 


LOPE 


350 


818 
520 


265 


459 
345 
342 
500 


567 


836 


Leveling 
Factor 


Plus Total per Operations 


Constant 1000 sq. in per hr. 


110 
110 
115 
120 
110 
115 
110 
110 
110 
110 


776 
897 
UUS 
457 
171 


Qg3 


ho ho 


ro 


762 
644 
O90 


870 


NO hO PO PS 





weight of the bands do not have an appreciable range, 
then the only problem is to eliminate poor leveling 
yn the part of the observer. To do this the following 
steps are taken: 

|. List the actual times from the timestudies (not 
the normal times from the comparison sheet as in 
lable 3) and the leveling factors used for this ele- 
nent in the timestudies. 

2. Convert the actual average times to operations 
per hour by dividing into 60 minutes. Plot these 
values against the leveling factors. The values plotted 
in Fig. 6 are shown in Table 7. 

3. Normal Operations per Hour is found where the 
curve crosses the 100 leveling factor, or 613. This is 
then converted to normal time per operation by divid- 
ing into 60 minutes, or 0.098 per band for Band In. 

1. Since the weight of the bands is more than 10 
lbs. and less than 30 Ibs., and since Hands, Fullarm, 
and Shoulders are used in this operation, the P.F. 
Factor, from Table 2, is 1.09 plus an assumed inherent 
lelay of 0.02 gives a total P.F.D. Factor of 1.11. 

5. The value 0.098, with a P.F.D. Factor of 1.11 
then becomes 0.109 as the standard time allowed for 
ye Band In, or 0.218 for two bands. Enter this regu- 
ar value on the formula summary sheet. 


TasBLe 8.—ITmmestupy DATA ON ELEMENT RIDDLE 
FACING 

Leveling Time 

~~ Cope 








Flask 
Area 


Time 
Drag tS 

140 
198 
198 
196 
196 
243 
243 
240 
256 
256 


186 
310 
257 


233 
301 
340 
224 
.143 
186 
304 
270 
290 
343 





OPERATIONS PER HOUR 


The Element Riddle Facing 

The element Riddle Facing, being inherent in all 
molding operations, can be included as a regular 
element. 

Experience dictates flask area to be the most likely 
factor determining the variations in time encountered 
in this element. 

Plot the leveled times, (Table 8) from the com- 
parison sheet against the flask area for both Cope and 
Drag (Fig. 7). 
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Fig. 8—Plot of timestudy data from Table 9 for ele- 
ment Riddle Facing. 
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TABLE 10.—Timestupy DATA FoR ELEMENT HEAP SAND 




















Time Drag Leveling Cope Leveling 

Study Volume Time Volume Time 

4 560 213 560 198 
2 990 260 990 .206 
3 990 135 990 .178 
4 1180 216 980 143 
5 980 319 980 240 
6 1215 379 1215 .270 
7 1215 195 1215 173 
8 1680 340 1440 395 
9 1280 272 1700 358 
10 1280 254 1790 326 

50 T 
ELEMENT HEAP SAND 
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FLASK VOLUME 
Fig. 9—Plot of timestudy data for element Heap Sand. 


Figure 7 indicates a constant value of 0.12 minutes 
that is not dependent upon flask area. 

To climinate poor leveling and to arrive at a stand- 
ard formula for this element, the following steps are 
taken: 

1. Actual average times are listed from the time- 
studies along with the leveling factors for both Cope 
and Drag. 

2. ‘The constant value of 0.12 minutes is deducted 
from the actual average times to get the pure variable 
time. 

3. The variable time is then revised to a basis of 
1000 sq. in. of flask area and the constant value is 
0.12 added back in. 
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Fig. 10—Plot of timestudy data from Table 11 
element Heap Sand. 


4. These total times are then converted to opera 
tions per hour by dividing into 60 minutes. 

5. Operations per hour are plotted against the les 
ing factors. Calculations and values for plotting Fig 
8 are shown in Table 9. 

6. In this case drag values in studies No. 5 and | 
were so far out of line as to be out of the limits of th 
graph. Four other points are also found to be out of 
line. 

7. The line is drawn through zero and the averaz 
of all the other “in line” points. 

8. The normal operations per hour is found to by 
75. This is where the line drawn crosses the 100 level 
ing factor line. Dividing this into 60 minutes we ¢g 
This is 0.80 per 


the normal time for riddling facing. 
1000 sq. in. of flask area. 
9. This is composed of the 0.12 constant and 0.68 





’ 
‘TABLE 11.—CALCULATION AND TIMESTUDY VALUES FOR ELEMENT “HEAP SAND” OF DRAG AND Cope 
DRAG 
Variable 
Study Actual Less Variable per 1000 Plus Total per Operations Lev g 
No. Time Constant ‘Time Cu.in. Constant 1000 Cu. in. per hr. Factor 
l 194 - 10 094 168 + «4.10 268 224 1] 
2 2 an .136 138 10 238 252 
8 J08 .. .10 008 008 + 4210 108 555 12 
4 196 — .10 096 081 + .10 181 831 110 
5 ae we SO 190 194 .10 204 205 110 
6 S70 = «10 279 229 + «410 329 183 ] 
j7e = 50 077 053 + 10 163 368 ] 
8 Se an 240 143 10 213 247 11M) 
9 234 — .10 .134 105 + «4.10 205 293 ] 
10 231 .» 0 131 102 + «.10 202 297 
COPE 
i is —_ 1 «ee : 121 — — 
2 187 — .10 O87 088 + .10 188 $19 0 
3 et J O62 063 + «210 1638 308 
4 i 030 031 - 10 131 458 
5 26 — .140 148 + 4.10 243 247 
6 2 a. 3 170 140 + = «10 240 250 
7 157 — .10 057 047 + «210 147 408 0 
8 6 = 295 205 + «.10 305 197 iu 
9 si .— 212 113 + «410 213 282 9 
10 296 — .10 .196 110 + «4.10 210 286 0 
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sBLE 12.—T1mestupy DATA FoR ELEMENT “PEEN’ 





Leveled Time 
y No. Flask Area Cope Drag 


140 112 .128 
198 .130 133 
198 121 193 
156 .134 .180 
156 154 
243 157 
243 227 
240 265 
256 323 


256 378 








THE ELEMENT 


THROWN OUT 


CONSTANT VALUE OF .04 
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11—Plot of timestudy data from Table 12 for 
element Peen. 


variable per 1000 sq. in. of flask area, or 0.068 per 100 


Since Riddle Facing involves the use of Hands, 
Fullarm and Shoulders, and the weight handled is 
over ten pounds, the P.F. factor, from ‘Table 2 is 1.09 
plus the assumed inherent delay factor of 0.02, for a 
total P.F.D. of 1.11. 

The formula 0.12 plus 0.068 per 100 sq. in. 


TABLE 13.—CALCULATIONS AND TIMESTUDY \ 





THE ELEMENT PEEN 
NORMAL OPERATIONS PER HOUR 
NORMAL TIME - .60 MIN. PER 

OR - .04 + .O56 PER 





HOUR 


OF 1.08 


ae 


STANDARD ALLOWANCE - .04 
SQ. IN. FOR COPE 


PER 


ec 
> 


STANDARD ALLOWANCE PER 
PER 100 SQ. IN 


OPERATION 











LEVELING FACTOR 


imestudy data from Table 
element Peen. 


lig 12—Plot of 


then becomes 0.12 x 1.11 plus 0.068 x 1.11 or 0.133 
plus 0.0755 standard allowance per 100 sq. in. of 
flask area. 

12. This formula is for either Cope or Drag. The 
formula for the complete flask would be 0.266 pius 
0.151 per 100 sq. in. of flask area. 

13. Using this formula, the proper values for cach 
flask size should be filled in on the formula summary 


sheet. 


The Element Heap Sand 

The time for heaping sand into the flask will defi- 
nitely vary with the volume of the flask. Plotting the 
leveled times from the comparison sheet against the 
volume for both the Cope and the Drag, we arrive at 
Fig. 9. 

The points in Fig. 9 are fairly well scattered so tt 
would be difficult to determine just where the line 
should be drawn. However, this curve is used only 
to determine the constant, 0.10, to develop Fig. 10, 
which indicates leveling factors which are out of line. 


TALUES FOR ELEMENT “PEEN” OF DRAG AND Cort 





Less Variable 
Constant Time 


Flask Actual 
Area Time 


140 116 04 .076 
198 121 04 O81 
198 175 04 135 
156 .164 04 124 
156 100 04 .060 
243 1S .04 073 
2413 140 04 .100 
210 215 04 175 
256 .192 04 152 
256 213 j 173 








140 102 / 062 
198 118 . 078 
198 110 070 
156 112 . 082 
156 .140 / .100 
243 .143 . 103 
243 .206 i 166 
240 .265 d 225 
256 294 7 254 
256 344 j .304 


DRAG 


Variable 
per 1000 
sq.in. Constant 


Leveling 


Factor 


Operations 
per hr. 


Plus Total per 
1000 sq. in. 


543 Ot 583 103 110 
409 t Ot 449 133 110 
682 + 04 722 83 110 


ae 


ro 


.794 { Ot 3834 i2 110 
384 + 04 A24 141 115 
300 + 04 340 177 110 
412 t Ot AD2 133 110 
489 + Of 529 114 100 
594 + 04 634 95 100 
675 - 04 715 84 110 


184 
A35 
394 
565 
682 
A65 
422 
920 

1.030 


1.225 
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The data for Fig. 10 is developed in a manner simi- 
lar to that for the element Assemble Flask and Match. 
It is shown in Table 11. 

The normal time for a 1000 cu. in. flask is 0.232 
(from Fig. 10). This is made up of the constant 0.10 
and a variable 0.132 per 1000 cu. in. or 0.0132 per 100 
cu. in. Since the constant 0.10 applies to either cope 
or drag, a 0.20 must be used if the formula is to apply 
to the total flask volume including both cope and 
drag. The formula then becomes 0.20 plus .0132 per 
cu. in. total flask volume. 

As the element involves the use of Hands, Fullarm 
and Shoulders and Back, partially bent, and the 
weight handled is between 11 and 30 Ibs., the PF fac- 
tor from the table is 1.12, which with the 0.02 inherent 
delay gives a total PFD factor of 1.14. 

With this PFD factor then the standard allowance 
formula for heaping sand then becomes 

0.228 plus 0.0151 per 100 cu. in. total flask volume. 

Based on this formula the values for the various 
flask sizes are entered on the formula summary, 
Table 6. 

The Element Peen 


As the amount of time spent in peening appears to 
follow match or flask area, the same methods are fol- 
lowed as in heaping sand to arrive at the formula. 
Plotting leveled times against the flask area for both 
cope and drag we get Fig. 11. Values plotted are 
shown in Table 12. 

Having plotted Fig. 11, if it is felt that poor level- 
ing should be eliminated, then Fig. 12 is plotted on 
the values shown in Table 13 in a manner similar to 
Fig. 10 for heaping sand. 

As indicated on Fig. 12, the standard allowance for 
this element then is 0.086 plus 0.124 per 100 sq. in. 
flask area. 


Discussion 


In getting the time study data into useable form, it 
will not always be necessary to go through every step 
outlined in the four preceding examples. These steps 
are a mechanical means of detecting and omitting 
time study data that is in error, and of averaging other 
factors that otherwise would be impossible to measure. 
It must be remembered, in analyzing time study data, 
that no mechanical method will ever be able to sub- 
stitute for good judgement, imagination, and a knowl- 
edge of the fundamentals of motion analysis. 

By use of good judgement some of the standard 
allowances for elements may be determined by in- 
spection alone. This occurs where the time study data 
and common sense indicate that the element should 
be a constant value regardless of flask size, volume, 
weight, etc. 

Similarly, some of the extra elements, such as core 
setting, pattern draw, and cope lift, cannot be equated 
to any definite flask or pattern characteristic and 
should be analyzed by inspection, setting up mini- 
mum and maximum limits for the element. In this 
case, the man who sets standards from the final formu- 
la must be carefully trained as to the reasons for varia- 
tion in these elements values, such as complexity of 
core, complexity and depth of draw or cope lift, and 
intricacy of pattern for making extra finish allow- 
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ance. In addition to being well trained the stand. 
ards setter must use good judgement and be cons: 
tious about his job. 

Ihe standards for some other elements can b 
termined by plotting only one graph. That is, plot 
the normal times from the comparison sheet ag 
some varying flask or pattern characteristic as in | 


eo JS 


5. A satisfactory standard allowance can be derived 
from this graph alone if it is felt that the points 
plotted are consistent and that fairly accurate leveling 
was used. This condition will be more nearly attained 
if the observer is properly trained and his ability to 


pace rate is kept in line by routine use of the Bx 
Mark procedure for pace rating previously outlined. 
Another condition which determines the ease or diffi. 
culty of analyzing the timestudy data is proper train. 
ing of the observers in the use of correct break-of 
points between elements. In preparation for the time- 
study of a certain operation a few preliminary studies 
should be taken. Then all the observers should dis- 
cuss these trial studies to determine just exactly which 
elements or which combination of elements shall be 
recorded, and where the break-off points for each ele- 
ment shall be. If this is done conscientiously much 
labor and guess work will be saved in the final analy- 
sis of the timestudy data. 

It will be necessary, therefore, to follow through all 
the steps indicated in the given examples only when 
the leveling or break-off points of the elements being 
considered are not consistent. 


a 


The Formula 


Having iisted each of the regular elements on the 
formula summary sheet (Table 6), as they were de- 
rived for the various flask sizes, it is then possible to 
further simplify the final formula and equalize the in- 
consistencies due to bracketing of the fatigue allow- 
ances within certain weight ranges (Fatigue table, 
Table 2) by plotting the totals of the regular ele- 
ments shown on the summary sheet against the flask 
volume. This is done in Fig. 13. 

By using the formula derived from such a graph, 
the total value of the regular elements can then be 
obtained for flask sizes other than those originally re- 
corded on the formula summary sheet. 

The formula derived from Fig. 13 is found to be, 

1.90 plus 0.119 per 100 cu. in. flask volume. 

This of course, is standard time allowance, since 
PFD allowances have been included in all the values 
on the summary sheet. 

The extra elements listed on the comparison shee 
(Table 3), are treated in the same manner as the 
regular elements. As previously stated, limitations of 
space have made it necessary to cut down on the num 
ber of elements actually involved in all of the time 
studies, and only show those recurring frequently. 
From the cxtra elements shown on the comparison 
sheet, after careful analysis, the final standard a!low- 


ances, including PFD, are determined. These are 45 
follows: 
Cut and clean sprues_ .05 to .25 for each sprue 
Cope lift .15 to .40 
(range based on com- 
plexity) 


Vent thru cope .06 to .05 per cent 


t 
> 


INCLUDING 


w 


ANDARD 
& 


TOTAL 


Fig 


5: 
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raw .10 to .20 (range based 
on complexity and 
depth of draw) 

10 to .50 

(range based on intri- 

cacy) 

set small core .17 to .25 (range based 
on size and com- 
plexity) 

06 per nail 


xtra finish 


set nails 


[he final form of the formula shown below shows 
er extra elements which have not been included 
this discussion but were developed in a similar man- 
It is not necessary to cover all possible extra ele- 

nts to use a formula. As the formula is used, and 
w extra elements are encountered in practice, studies 
taken on such elements, the data analyzed, and 

iandard allowances are incorporated in the formula. 


he final form of the formula follows: 
Snap Flask Match Plate Molding 
Std. Min./Mold — 
A+B+C+D-+E+F+4+G+H-+I1+]+K 
A=Total regular elements — cope and drag. 
=1.90 plus 0.119 per 100 cu. in. flask volume. 
B—Extra Finish — (Normal Finish allowed in regu- 
lar elements). 
=0.10 to 0.50 (range based on complexity of 
pattern. 
C—Extra Band Allowance — (Two bands per flask 
allowed for in regular elements). 
=0.20. 
D—Chaplet Allowance 
—0.10 each simple set — 17 each difficult set. 
E=—Chill Allowance 
=0.10 each multiple chill 





INCLUDING 


TANDARI 


+ + + 


TOTAL REGULAR ELEMENTS CINCLUDING PFD ALLOWANCES ) 
EQUALIZED ON A TOTAL FLASK VOLUME BASIS 


TOTAL 


STANDARD ALLOWANCE EQUALS 
1.90 + 0.119 PER 100 CU. IN. FLASK VOLUME 








400 1200 2000 2800 3 
800 1600 2400 3200 
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0 4400 
4000 4800 


Fig. 13—Plot of totals of the regular elements vs. flask 
volume (Table 6) for derivation of formula. 


0.17 each small chill — under 2 Ibs. 
0.40 each medium chill — 2 to 20 Ibs. 
0.50 each large chill — over 20 Ibs. 
Cope Lilt 
0.15 to 0.40 — Based on complexity of cope. 
Core Set Allowance 
0.17 to 0.25 — Based on complexity and size of 
core. 
Draw 
0.10 to 0.20 — Based on complexity and depth 
of draw. 
Nail Set Allowance 
0.06 per nail 
=Sprue Allowance 
-0.05 plus 0.25 each sprue cut and cleaned. 
K—Vent Allowance — (Normal venting allowed for 
in regular element). 
=0.05 plus 0.06 each vent through cope. 

To set a standard allowance for any particular job 
from the formula, the specifications of the job must 
be obtained. This is usually noted on a form where- 
by all the possible elements of the job are covered. 
Using the specifications on the same job as the sample 
timestudy, Figs, 3 and 4, we have the following: 

Pattern No. B 69304 C 

Flask Size 14 x 14 5/6 — Vol. 2156 
Finish — moderate 

Chills —~one medium 
Cores —one small 

Draw — moderate — $3 in. 
Cope ~ flatback 

Sprues — one 

Vents — normal 

From the formula, the time allowances for these 

specifications would be, 
A— 447 
B- .15 
E- 40 
F- .15 
G- .I7 
H- .15 
I- .30 
Total— 5.79 
(Elements omitted 
in example 
have zero value) 

This standard from the formula is comparable to 
the average over-all cvcle time during the timestuddy 
(discussed on p. 228) of 4.97 minutes. Which means 
that during the study the operator was hitting 116 
per cent of standard, based on the formula standard, 
which is entirely reasonable. 

The standard allowance of 5.97 minutes can be 
converted to a PW price as follows. If the houriv base 
rate for this class of work is $1.20, dividing by 60 
gives an equivalent base of $0.02 per minute. 

Then PW price=5.79 x .02—$0.116 

Or, it can be converted to molds per hour by divid- 

ing into 60 minutes, thus, 
60-—5.79=10.4 molds per hour. 

Or to standard hours for the job by dividing by 60 

minutes, 
5.79---60—0.965 standard hours per mold 
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Conclusion 


In conclusion the writer wishes to state that he has 
tried not so much to point out any hard and fast rules 
for the development of standard formulas from the 
timestudy data, as to try to indicate possible methods 
by which the problem might be attacked. Other 
methods and techniques are in use and will be found 
which will be equally effective. Imagination and in- 
genuity are the prime requisites for analyzing the 
timestudy data and arriving at the best answers. The 
examples shown only indicate a few of many possible 
solutions. It is not intended that the facts and figures 
given in this discussion be used blindly without duc 
thought and consideration, and reasonable judgement. 

Reasonable results will be obtained however if the 
facts and figures given are used with judgement, and 
the methods and data can be modified to cover 
practically all of the operations in the foundry. 


DISCUSSION 


Chairman: R., J. Fisher, Falk Corp., Milwaukee. 

Co-Chairman: J. A. Westover, Westover Engineers, Milwaukee. 

Memper: To what percentage do you exceed your standard 
pace rate in actual performance on your incentive basis? 

Mr. ANNicH: With standards set up on these normals, or nor- 
mals taken from these paces, for an average department you 
will run from 25 to 30 per cent over normal at top performance. 
In other words, employees can earn from 25 to 30 per cent 
above their base rate. 

Mrmprr: How does it fluctuate in your cleaning rooms as 
compared with the molding department? 

Mr. ANNicH: In the cleaning room it probably would be much 
higher and much lower in individual cases. You cannot tie 
cleaning to a standard as well as you can molding, referring 
to general jobbing work. When you set up standard data on 
cleaning. you cannot tie it down as well to various physical 
characteristics that are involved in the cleaning to get as con- 
sistent individual standards as you can on molding or on core 
making 

Going back to the 25 or 30 per cent performance above nor- 
mal, in individual cases you may have an operator who is very 
good on some things and exceed normal by 50 or more per cent. 
Some of vou may feel that the normals shown here are a bit 
loose; but from my experience, they will give that average 
figure. 25 or 30 per cent above normal for the average worker. 

Meiner: Were those standards established from your own 
operations, or is that a combination of industry operations? 

Mr. Annicu: These normals, although I do not know their 
source. fit what we have been doing. There are several engi- 
neering companies using these normals. Another well known 
engineer has a normal for walking which is very close to the 
figure given here. Instead of 45 ft. in 10 sec., he uses 47 ft. in 
10 sec. It amounts to about one-tenth mile more per hour. I 
think the standards come from the Bureau of Standards in 
Washington, although I never checked the source. 

Now we will discuss the method that we usually employ to 
set up our standard data. Having made our time studies, we 
then set them up on a comparison sheet (Table 3). I do not 
have all the elements on this comparison sheet. Because of lack 
of space, I have left out some elements that occur only in pos- 
sibly one, two or three timestudies. I have tried to cover just 
the elements that recur most frequently. 

If you are going to set up standard data, you do not go any 
farther on your timestudies than entering the levelled time for 
each element. We may call that either levelled time or normal 
time, and it is the time that a man would do a job in if he 
was working at a standard pace. There are no allowances made 
for fatigue, personal, relaxation, or anything else. This normal 
time is the time we usually work with on the comparison sheets. 

Let us consider the first element, Assemble Flask and Match. 
That element actually is composed of about three elements. For 
lack of space these have heen combined. If the worker has a 
small flask, he carries out both cope and drag at the same time. 


TIMESTUDY TECHNIOUrs 


He takes his snap flask off at the bench, leaves it on the bench or 
machine, and carries his cope and drag molds out together and 
sets them down. When he comes back he takes the cope, puts 
it on the machine and puts the match plate on the cope. He 
then puts the drag on the match plate before he starts 
mold. If he has a double carry out, he takes out the drag, seis jr 
down, and then he takes the cope out and closes; then he takes 
the snap back, both cope and drag. He brings them back 

sets them on the table, takes the cope off, sets it on the mach ing 
places the match, then the drag and starts the mold. So that 
assembled flask and match plate consists of those three elem: 
cope on, flask on, and drag on; then he starts the mold. 

In Table 3 we have the studies graduated with smal] flask 
sizes on the left and larger flask sizes on the right. In general 
as the flask sizes get larger, the time usually increases. We plot 
this against the snap flask weight. Then in order to get some 
figure that 1s comparable to the flask weight and more readily 
obtainable we just took the perimeter times the depth, which 
gives a figure directly proportional to the flask weight. We 
plotted the normal time against this figure. The graph in 
Fig. 4 is the result. Values plotted in Fig. 4 are shown ir 
Table 4. 

We have two points that are circled. We feel that those points 
are out of line, possibly due to the fact that poor leveling was 
done. It may have been some other condition that threw those 
points out of line. Do not expect that all your points are going 
to fall in line when you plot these values. They are not. You 
must use considerable imagination. The other points looked 
good, and we drew in the line. 

You will notice where the line crosses the zero axis or wher 
the perimeter times depth is zero, the value is Il. That is a 
constant value of Il. That number 11 has a significance. The 
constant is the value that would be approached if your flask 
weight was diminished to zero. In other words, there are cer- 
tain elements in this assembled flask that you have to do regard- 
less of the weight of the flask. If the flask weighed only one 
ounce, you would still have certain elements to do, and those 
elements would in this case amount to 0.11 of a minute. If 
the points that you plot will line up well and you feel the 
timestudies you have used for that particular element are good 
and that your timestudy men have done a good job on thei: 
leveling, you can stop right there and derive your formula for 
that particular clement. 

V. J. SADLER, Jr.:! On the graph in Fig. 4 you have ten dif 
ferent element values. Do you always set a formula on ten 
different studies, or would you take more than ten? 

Mr. ANNicH: If you feel that those ten studies are good stuclics, 
and if they give you consistent results when you are setting up 
a formula, it is not necessary to go any further; at least for the 
regular clements. 

You may have certain jobs where you have not covered all 
the elements that are in those jobs, and you will have to take 
special timestudies for those elements alone. If you can cover 
the entire range of all your operators and all your flask sizes 
small flasks, moderate flasks, and large flasks, 10 studies would 
be minimum, 15 would be good and 20 would be better. Most 
of the time, though, you only confuse the issue by taking more 
studies. Providing you get the right definition of different flask 
sizes and different conditions that you come across, it is best 
to keep the number of studies at a minimum. 

In order to avoid confusion about the terms “constant” and 
“variable” as pertaining to the graphs, we have substituted the 
term “regular element” for what is usually known as a “con: 
stant” element in our timestudies, and similarly we have su)sti- 
tuted the term “extra element” for what is usually known as 
a “variable” element in our studies. We have then regular 
elements and extra elements in every operation. Regular cle- 
ments are those elements which occur every time in the cycle. 
The extra elements are those which do not occur every time in 
the cycle. They depend on a particular job and are peculiar to 
that job. 

On one particular job, you may have three cores to set. On 
another job you may have no cores to set. On one job you may 
have a chill. On another job, you may have no chill. ©n one 
job you may have three gates to cut. On another one, you may 
have one. These are known as the extra elements. But (here 
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other elements like heaping sand, peening, squeezing, assem- 
flasks, carry out, pattern draw, and the cope lift, which 
cur every time the job is done; and they are what we call 
regular elements. 
ce you have derived your formula from the curve for a 
cular element, you can figure the synthetic standard or the 
synthetic normal time for any flask size. You line up eight or 
ten flasks normally used in the shop, starting from the smallest 

e largest as on the formula summary sheet (Table 7), and 
late the normal time for each flask size and put it in 
er this element, Assembly Flask, as in Table 3. 
vou have an 11x 18x 5/5 (5-in. cope and 5-in. drag) flask, 
to get Px D, your perimeter would be 58 in. and the depth 
is 10 in., so the Px D is 580. Now the formula value from 

curve is 0.026 for every 100, so the total is 0.026 times 5.8 
or 0.151 plus the constant of 0.11, which equals 0.261. 

When you have drawn this graph (Fig: 5), if you feel that 
it is as far as you need go, then you can derive your formula 
for that element immediately. There may be some cases where 
you feel you should go further, that you should eliminate 
some elements you feel possibly were not leveled properly. So 
you go through a more complicated procedure to determine 
what elements were good and what elements were no good as 
far as leveling is concerned. That procedure is shown in 
Table 6. 

Ihe mathematics involved is not difficult. When you have 
gone through the procedure once or twice, it becomes simple. 

We are trying to go back to our original timestudies on the 
job. We say: This man did the job in so much time. Based 
on that time, what leveling factors should he have had com- 
pared with what leveling factors the timestudy man gave him? 
So we go back to the original, actual time taken from the time- 
study (Table 6). That is not the normal time, the time that 
has been leveled, but the actual time from the timestudy. We 
have a constant value (Fig. 5) of 0.11, which will recur regard- 
less of the size of the flask. We want to find what the variable 
value is, so we deduct that 0.11 and get the variable time in 
Table 6. That variable time is for flasks of different sizes, and 
we have to make those times comparable. Since we have as- 
sumed that our times will vary with the perimeter times the 
depth, or with the weight, then we have to convert these vari- 
able times to what they would be if the flask was the same 
weight in every case or the same PxD. So converting them 
to a value of 1000 Px D, we would get the values shown in 
column 3, Table 6. 

Having that, we add our constant of 0.11 in again because 
that is part of the element. We then have an adjusted time 
for each study equivalent to that for a flask with 1000 Px D. 

You cannot plot time actually the way it is, ie., you cannot 
plot it and get a straight line. So we plot, not the time but 
the times per hour that the element could have been done in 
those times. In other words, if a man does an element in one 
minute, he can do 60 per hour. If he does it in half a minute, 
he can do 120 per hour; so we convert those times that we 
have in that column to operations per hour, as we designate it, 
and then those operations per hour should be directly pro- 
portional to the leveling factor used to begin with. So the last 
two columns (Table 6) give you operations per hour and the 
leveling factor used in the timestudy. 

From these values we plot the curve in Fig. 6. Now you see 
that two points are out of line. The rest of the points seem 
to he in line, and if you draw a line from the zero and through 
the average of all the in-line points you can read the vaiue 
from that curve just by going up on the 100 leveling factor 
line and reading the value. That will be your normal operation 
per hour. 

To get this operation per hour is simple. Since you have 
60 minutes in an hour, divide 60 by the time to give you the 
operations per hour. After you have your normal operations 
per hour read right from the graph, then you can convert that 
back to normal time by dividing it into 60 again. That will 
give you the normal time. 

t is not necessary to go through all these steps on everything 
you do, but you will find occasion when you will want to have 
this method as a means of getting the right answer. I struggled 
many times trying to find what I felt was the right answer, 
because I was so confused with leveling factors that were all 
wrong, and other factors entering into the picture. To avoid con- 
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fusion, follow this procedure of plotting the operations per 
hour against the leveling factors originally used in the time- 
study. 

Member: Do you find that the Px D, which is equivalent to 
weight increase, actually results in a straight line curve? Would 
it not result in a curve that would tend to go up as the weight 
increases and then taper off? 

Mr. ANNICH: 1 am opposed to using any curve other than a 
Straight line curve. If you get one that is different from a 
Straight line curve, you have to break it down to get straight 
line curves out of it. You can see from Fig. 5 within the limits 
on the weight of the flask in a flask job, we would get a straight 
line curve. I have had problems before where some points 
appear down here and some points up here, and it looks defi- 
nitely as though you would have a curve. If you do get a curve 
and feel that is the kind of curve you should use, approximate 
it with straight lines, otherwise you cannot set up a formula 
without having to pick values from your curve. 

R. Cattett:2 I assume that these assembling flask plates were 
drawn to arrive at a normal. Does that include parting? 1 did 
nut sce an element, liquid parting, or justifying included in 
assembly. 

Mr. ANNICH: Not in the assembling of the flask; that is only 
in the assembly of the snap flask before you start to mold. You 
do have one parting as one of the extra clements. It is shown 
in Table 3. But in Table 7 we have only regular elements, 
and since we do not use the parting clement all the time, it is 
not considered a regular element. 

Mr. Catiett: The regular procedure will probably be three 
out of ten. 

Mr. Annicn: It is possible. If you feel that it is used often 
enough, you should include it in the standard and then put it 
into your regular elements. In this case, it was not used often 
enough, so I did not put it in the regular elements. That is 
the criterion. Make allowances for separate elements whenever 
it is necessary in your formula. I have not tried to cover this 
formula in this paper in absolute detail. I just tried to point 
out the method that we used in deriving it. 

M. M. Mrvicuin:3 Is this Px D factor used to represent the 
weights? 

Mr. ANNICH: Yes, it is approximately equivalent to the weight. 

Mr. Mrvicuin: Why not use the weight directly? 

Mr. ANNicH: You can if you want to, but I just did not have 
it available at the time. 

V. R. Wacner:4 In tapered flasks, with a given Px D, if the 
drag is much deeper than the cope in one case, and the cope 
deeper in the other case, the weight of the one with the dcep 
drag could be much greater than the one with the deep cope. 
Do you not take that into consideration? 

Mr. ANNICH: Yes, if these were tapered flasks, but they were 
not tapered flasks that we were working with. In that case 
I would definitely use weight. I have combined both cope and 
drag and put both cope and drag elements in one lump. But 
actually in doing the job, if you want to be more accurate on 
your standards data, you should split up the cope and drag 
elements, because you may have a flask, let us say, 11 x 18 in., 
with an 8-in. drag and a 4-in. cope; and you may have another 
flask with a 4-in. drag and an 8-in. cope. Now, if you have 
them all combined and call it 11x 18x 12 for the total depth, 
you will get a different answer where you have the drag and 
the cope separate, than where you have them combined. So in 
order to comply with the best definition on the thing, you 
should pull your elements together by cope and drag separately. 
It makes the formula more complicated, but it gives a better 
standard. If you find normal time from your formula, then you 
have the question of how much to allow for personal (P) and 
delay (D). 

Consider Assemble Flask, for instance. You get your normals 
for these various sizes. Then you have to refer to your fatigue 
table (Table 2) and make allowances for personal and fatigue 
based on weight; and the D factor is obtained from all-day 
studies, and that is allowed too. For instance, in this particular 
paper we assumed a fatigue factor of 0.02, or two per cent; 
and then, based on the weight and the type of movement 
involved in the element, you make your personal and fatigue 
allowances, add your D factor to that from Table 2. You get 
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your PF and you add your D factor to it and you multiply that 
by the normal time from your formula for the element, and 
put that value into your formula summary sheet (Table 7). 
You follow this method for each element; there may be different 
factors that you might use other than weight. In other words, 
in some of your elements as in sand handling, there is the 
factor of volume, and you plot that against volume. In the 
element, Riddle Facing, we correlated our times with the flask 
areca, or pattern area. After you have derived all your formulas, 
put in your personal, fatigue and delay factors and record the 
values on the formula summary sheet; then you can get a total 
of all your regular elements. 

Due to the fact that your fatigue factors are grouped or 
bracketed in certain groups based on weight, you will get some- 
what erratic results which you can iron out in this way: If you 
will look at Fig. 13., you will see plotted the total of all the 
regular elements for each of ten flask sizes against the flask 
volume itself. You notice that some of the points come above 
and some below the line. That, in general, is due to the fact 
that the fatigue factors allowed were bracketed by certain 
weights so that in one case you would get perhaps a difference 
in flask weight of only 2 Ib., and yet it would throw the fatigue 
factor in the higher weight bracket thus making an allowance 
out of proportion to the 2-lb. difference in weight. Then if 
you uscd these standards as they are, it would give you erratic 
results. You smooth out these variations by plotting against flask 
volume and then getting a formula for the total of regular ele- 
ments. In this case, the stated allowance would be 1.9 plus 0.119 
per 100 cu. in. of flask volume. That is the formula for that 
curve. On p. 235, we show the type of form used for the various 
formulas. You can use any form you wish. In this case we have 
it so that we can break in a man easily on working up the formula. 
The man who is setting a standard has his specifications for the 
job, such as the number of gates to cut, cores to set, etc. In order 
that he will not miss anything, he goes right down the line to 
make sure that he has covered everything. 

If you come across some element which you have not con- 
sidered in the formula originally, make some studies to get 
that particular element, and then gradually extend your formula 
by the data on these new elements as you get them. Just as a 
check, on page 235, we took the flash specifications for that 
sample timestudy, and from the formula we derived what the 
standard should be. The standard comes out to 5.79 standard 
min. That standard of 5.79 min. compares with an overall study 
cycle of 4.97 min., showing that for that timestudy (Fig. 3) the 
operator was working 116 per cent of standard. Some people will 
think that probably you did not rate the man more than 100 
per cent of standard on the average, why should he get 116 per 
cent? The answer is that you have made the fatigue, personal 
and supplemental or delay allowance, and while you were taking 
the study, that man was not getting any of those, or very little 
of them. That is why at that particular time he did it 116 per 
cent of standard. But working at that same rate a full day, he 
would not rate 116 per cent of standard because he would stop to 
smoke, to go to the rest room, and to relax once in awhile. Be- 
cause some of those elements like the Carry Out, are difficult, and 
when a man does them 100 or 110 times a day, he will get tired. 
That is why you make the fatigue allowance. 

E. Tuomrson:5 Information that I have been getting here 
stresses lighter work, bench molding and snap flasks. What do 
we do when dealing in big castings, where the molds will con- 
tain a 20.000-lb. casting? 

CHAIRMAN FisHer: The same thing. 

Mr. THompson: With the pit work also? 

CHAIRMAN FisHer: The principles apply to large size molds 
as well as snap flask and bench work. 

Mr. THompson: There is a lot of grinding here on all sizes 
of castings. Can this be worked up from a series of timestudies 
and then charted and graphs drawn, so it can be used for basic 
standards on different kinds of grinding regardless of size 
of castings? 

CHAIRMAN FisHer: That is right. If your data are developed 
finely enough, it is possible to take blue prints even before 
pattern equipment is made, and in discussing with supervision, 
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discover how they would make the casting if they had the ¢ 
of pattern equipment, and set your standards before you 
get it in the shop. 

Mr. THOMPsON: Would you say that I was wrong if | 
I set up most of the work based on the weight of the cas 

CHAIRMAN FisHer: If it is a jobbing shop, I would sa 
If it is production with similar lines of work, it might wor} 

Mr. THompson: It is not a production shop. It is a jo g 
shop dealing with castings running from extremely light « 
ings up to castings weighing from 20,000 to 30,000 Ib. Thx 
a wide variation. I work it exclusively on the weight per cas 

Mr. ANNICH: The only reason we chose the light work ( 
was so we could show its development in a small number 
pages. Heavy work would require about 150 pages to discuss 
It will work, and it is a question of using your imaginat 
when you start to assemble this data. Not every man wil! ly 
suited for getting this data together. You cannot get an account 
ant or bookkeeper to do it. You have to pick out possibilities 
and try them on graph paper. That is what I mean when | 
say try them and see how close they work; how your points 
fit in. There usually is a solution to it. 

We have done it on big work. Ours is not as heavy as some 
of the castings mentioned, but we have done it on work up & 
where you have five and six days’ molding time for two men 
There again it is a question. Sometimes the formula that you 
set up is not definitely tied down. Where the fellow sets the 
standard from the formula, he has to use his imagination, too 
You may put the castings into certain classes. For instance, or 
the finish allowance, you may classify castings into Class A, Class 
B, Class C, and Class D, depending on the complicity of th: 
casting. Then it is going to be up to the standard setter to pick 
the right class so he sets the right standard. 

That is the solution we have used, and it worked out well 
Other people may have different solutions. If you could tie it 
down more definitely, it would be much better, but that is the 
one we have used, and it has worked. 

CHAIRMAN FisHER: In our own plant, strictly a jobbing stee! 
foundry, we have standard data on castings running consider 
ably higher than 20,000 lb. We had one mold gear that weighed 
about 40 tons that we applied standard data on and it worked 
nicely. A molder and helper earned about 35 per cent premiun 
on the job, using these same principles. Our data on just the 
charts alone is considerable to cover all conditions, and it is 
by no means complete. We have two full-time time setting 
men working constantly on getting data on that floor. We will 
never get done with it, but it has paid off in reduced costs 

R. R. McC uintic:6 Can you give me some idea of the cos' 
of administering this type of timestudy. I have had one experi 
ence where the timestudy department, which consisted of time 
setters, standard checkers, and what not, becoming unwie!c) 
and it was necessary in that particular type of plan to make 
extra allowances on the floor to cover unforeseen conditions 
and so on. The cost of administering the plan was excessive for 
what they got out of it. Is it the practice in your foundry t 
operate with a large force? 

CHAIRMAN FIsHER: We employ around 475 men in our stee 
foundry. That is including indirect labor as well as so-called 
direct. About 90 per cent of our labor is on standards. Wé 
have covered the indirect labor with group plans, which we 
do not approve of very much but were forced into it during 
the war. To handle that whole thing we have four timestud) 
men, two standard setters and two clerks in the office. We hav 
five timekeepers, but we had them, anyhow, before we had 
standards. 

Mr. McCuintTic: Is it your practice to include in your stand 
ards sufficient allowances to cover the average condition and 
let the unusual situations balance themselves out? Or do you ten 
make it a practice, at the request of the foreman, to make extra 
allowances? 


f 








CHAIRMAN FisHer: We make the extra allowances as they ar 
needed. con 
Mr. McCuintic: Most of my timestudy experience has been in ag 
steel mills, and that was definitely not our policy. They took cm 
the bitter with the sweet and it tends to simplify it. pro! 
dards the 


CHAIRMAN FisHer: You would have to set up your stan 
considerably looser in that manner to balance out. 
Mr. McCuintic: They were, it is true. On the average, ow 
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the earnings on a two-weeks’ period were fairly consistent 
CHAIRMAN WESTOVER: You can get away from a lot of 
ers and extra allowances and so on if you will set looser 

irds and then use a formula like the Halsey 50-50 Premium 
wan formula to automatically bring earnings into line. 
of companies have a wide variation in their operating 
ions and could well use a formula like these that will take 

1 lot of troubles caused by variations 
ere are also some other formulas that are not as well known 
do the same thing, so the matter of having checkers is 

a management decision, depending upon how accurate 
want to control costs. If you would allow for a certain 
int of variation, if you have variations but think it is not 

the cost to try and eliminate them, or control them, then 
can eliminate checkers. 

McCuintic: What is your practice or policy where your 
es indicate that the men are working far below even a 
k-even point? Do you attempt to get your production up 
reasonable level before you attempt to establish standards? 

CHAIRMAN FisHerR: When you are leveling, if your leveling is 

properly, it does not make much difference at what pace 
man is working. 

Mr. McCuintic: It is not the pace the man is working when 

s working—it is when he is not working. 
CHAIRMAN Ftsuer: That is one of the first things you do when 
go into the department, is to remove all the reasons for 
4 man not working. At least, you try to do it. 

Member: We had the standards set four years ago, when 
everybody said they never could be equaled. They were justly 
set by the timestudy department. Within a year’s time those 
standards were exceeded, and today the figure is 175 per cent 
of those standards which two years ago they could not even 
equal. When the men are properly trained and they finally 
et it on the pay check, that old standard goes up so fast 
ou exceed it immediately. 

S. M. ZIMMERMAN:7 I am looking for information on how to 
go about getting an incentive for maintenance men and so on 
We have some plans which have worked out successfully. I am 
wondering if any other foundries have any group incentive plan 
that might be applied that way. 

CHAIRMAN FIsHER: Some people have told me that it is pos 
sible to set direct incentive on all of these extra-curricular 
activities around the shop, but I would like to find out if it 
really has been done and if it is successful, because we are 
faced with that same problem right along. 

Member: We take the attitude that the shop people can affect 
the productive efficiency of the plant; and their bonus, therefore, 
is set on the basis of whatever their income happens to be per 
hour. If that productive efficiency is, for instance, 100 per cent, 
which we use as standard, they get paid a percentage on their 
base pay over and above that. 

CHAIRMAN FisuHer: Most of us have done something similar 
to that, except that I feel that the incentive to the millwright, 
or whoever he is, is very remote. He can see no connection 
between the efforts he puts forth today and the money he 
receives at the end of the month in extra compensation. So far 
as he is concerned, personally, it is nothing but a gift to him. 
If you could get that incentive directly to the man, you could 
save at least 25 to 50 per cent more. 

Co-CHAIRMAN Westover: By using budgetary allowances and 

n putting a very heavy weight on any delay time that occurs 
in the shop as a result of mechanical breakdowns, the main- 
tenance department will be watching carefully any delay time 
that is reported as a result of anything that they should have 
prevented which will be charged against any premium they earn. 
Your budgetary part is to hold your indirect costs on main- 
tenance to a relationship with the amount of work that is 
being done and accounted for as direct costs. Those plants 
that have time standards have a good measure and they can 
relate their indirect to their direct in what will be a fairly 
constant proportion. Some of you using a money measure have 
i greater problem, in that as your money value changes from 
time to time, the ratios would therefore change. Then you 
prohably would have to make a lot of corrections. Whereas 
the time standard method does not present that problem. 

K. A. Poweti:2 On the question of synthetic standard time 
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for pattern work, I am wondering if the Westinghouse system 
used on jigs and fixtures might not be applied 

Member: We want to establish standard data. If we set a 
synthetic time from our synthetic data and a man disputes it 
how can we back up that timing? 

CHAIRMAN FisHer: In our particular instance, we do not pay 
much attention to what the man says until he has convinced 
his foreman that the time is too short. If the foreman makes 
a request for a check on it, then the timestudy man goes out 
to the work station with the foreman, and both of them observe 
while the man makes the job, and the timestucdy man times him 

We find that in most instances part way through it the fore 
man will turn arournl and say that the man did not work like 
that before. If the fellow works like that, he will make the job, 
and we walk away. If he gets that unsympathetic attitu'le a 
few times, he does not complain unless it is tight. We check 
with the foreman to see whether we have all the work in it 
first. Sometimes the standard setter leaves out something. That 
has happened. Or the man might be making the job in a 
different method than we have set it up for. 

Member: There were instances in our plant where we could 
not back it up other than by taking an actual study 

CHAIRMAN FisHerR: You could back it up on the basis that 
standard data has been worked out on other similar jobs on 
which there was no complaint, and why should this one be so 
different that the data does not apply? If the man cannot show 
you that the data does not apply to it, then there is no argu 
ment there at all. 

Mr. ANNICH: When you make up what you call the formula 
summary sheet, you still have al! those elements in there that 
you have summarized. When you take a timestudy on this par 
ticular job the man is complaining about, you can check it 
with that formula summary sheet. If that still does not satisfy, 
the only thing to do is to go back to a job that is similar, 
where you have timestudies to back it up. The main thing 
about the standard data is that it is not a standard set from 
one timestudy. It is a standard set from an average of many 
timestudies taken at many times of many operators by many 
observers. 

Mr. Mrvicuin: In speed rating a core maker ramming up a 
core and performing other core making operations, how would 
you rate that when a core maker's normal rate of motion is 
faster than anything we have seen demonstrated as normal? 

CHAIRMAN FisHer: By definition, could he do that particular 
element of work for eight hours without undue fatigue? 

Mr. Mrvicuin: They have been doing it for years. I mean 
the ordinary speed with which a core maker rams, or, rather, 
the normal speed at which the entire department will perform 
that particular element, is faster than the forearm demonstration. 

Member: That is just one element in your whole operation 
The time he is going to make up on that will not necessarily 
influence the whole operation. By that one motion, even though 
it is 200 per cent, he only does that for such a small time that 
the additional incentive he gets for that extra effort would not 
change the overall picture much. The operation has a lot of 
other elements in it that he is slower on. 

Mr. Mrvicuin: You mean that one element should balance 
out another one? 

Memeer: It will tend to keep it on a level basis. He will be 
fast in some and slow in others. 

Mr. Mrvicuin: I am interested in that one particular element 
though. The others are simple. 

Memeser: He could not keep that up all day. 

Co-CHAIRMAN Westover: I am wondering if he is moving 
that arm a full action. The rammer movement is a very short 
movement. 

Mr. Mrvicnin: That is exactly what my question is. 

Co-CHAIRMAN Westover: Now, if all your operators normally 
work at a fairly fast pace, pick out what your normal for that 
particular shop is. It may be different from what these are, but 
you are not comparing on those tables the standard time of the 
short action against that full action. You have an altogether 
different picture of what would be normal. In other words, 
are you using a little butt rammer? 

Mr. MRVICHIN: Yes. 

Co-CHAIRMAN Westover: For that short movement of the 
small butt rammer, your normal time is maybe one-fourth of 
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what that full arm action is, so that actually you have a faster 
action there just for normal. 

Mr. Marvicuin: In other words, you disregard the normals 
demonstrated and you go back to the normal for the conditions 
of the particular shop. Is that right? 

Member: No. 

Co-CuHaiRMAN Westover: Yes and no. I have not been able 
to pick out and use a normal from one section of the country 
to another. In other worls, I am in disagreement with this 
normal. I find that I have to judge it more on the normal of 
that particular shop, the pace at which that particular shop 
is working, what seems to be the general feeling, because some 
shops would annoy you on these normals because they are 
already used to such a fast pace. I have one in mind that is 
about twice what you normally run into. In other words, if I 
would use that normal for those ratings in that shop, those 
ratings would be so low that they would be running 250 per 
cent. Normal is when the men will run 133 to 150 per cent. 

CHAIRMAN Fister: | hope nobody got the impression that they 
could use the values in here in their own shops, because if you 
have that idea, you are going to run into much difficulty. The 
values as given in here apply to that particular plant where 
they took these timestudies, and that is the only one it docs 
apply to. The principle used will be applied any place, though, 
and that is my idea on these level pace rating factors that he 
has used. The factors that he has used have worked out satis- 
factorily for him in the plant where they apply. Possibly in 
our plant we would have to raise or lower them. In your plant, 
you might have to raise or lower them, or you might be able 
to use them as given. I do not know. Please do not try to 
use these values as you get them out of this book, because you 
are going to have much trouble if you do. 

Co-CHatrRMiAN Westover: Do you agree or disagree with both 
of us on that? 

Mr. Annicu: I disagree with Messrs. Fisher and Westover. 
One of these days we hope that a day's work in Kalamazoo will 
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be the same as a day's work in Houston, Texas. There 
lot of factors involved in making them the same, and we know 


and I will grant you that they are not the same right now 
And more power to the shop that has what they considcr a 


normal which is 125 per cent of what I consider normal in {his 
paper. If you have a shop like that, be careful how you use 
these things. Is that what you are getting at? 

Co-CHAIRMAN WESTOVER: Yes. 

Mr. ANNicH: Probably if you have something like that, you 
do not have to worry about timestudy or incentive. Very 
nitely it is the man who has an average pace throughout th: 
shop of 50 per cent who has to worry about incentive, and he 
is the man who is going to be happy to use these normals 
get them across without loosening up on them. 

These things are going to be tried. They are going to he 
found wanting in some instances. But we are just making a 
start now. We should have made it possibly ten years ago 
We are making a good start now, and as the years go by and 
we get more people interested in these things and get more 
experience in them, we are going to be coming together year 
after year and checking our results together. Then we are 
going to get something that is worthwhile. Let us look at this 
paper as a start on that program. Possibly ten years from now 
we will realize something that will be a benefit to all of us 

CHAIRMAN Fisuer: But you still would not advocate them 
going out and using your chart values in here? 

Mr. Annicu: Not if they have a shop that they feel is over 
the normal that I have presented here. 

Co-CHaiRMAN Westover: The forearm test illustrated a method 
by which a standard is set. If you will observe your method 
before you start in taking timestudies and then specifically 
describe the method so that you can refer to it you will be able 
to justify any change in time standards due to changes in 
methods and the new standards will generally be acceptable 
to all parties concerned. 
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A NEW GATING TECHNIQUE FOR 
MAGNESIUM ALLOY CASTINGS 


By H. E. Elliott and J. G. Mezoff 
Magnesium Laboratories 


The Dow Chemical Co., Midland, Mich. 


ABSTRACT 
the past, the need for avoiding turbulence in the pouring 
enesium alloy castings has dictated the use of some form of 
m gating for the great majority of shapes cast in this group 
loys. Bottom-gating methods have proved particularly effec- 


in minimizing pouring turbulence, thereby avoiding the in- 
n of non-metallic films in the casting. 
wever, bottom gating as a rule sets up basically undesirable 
tions for the application of controlled directional soldifica- 
and for this reason such gating methods increase the diffi- 
ilty of chilling and risering castings to soundness. 
The authors describe a new gating technique which makes it 


hle to introduce magnesium alloys into molds without flow- 
»e amounts of metal through the lower portions of the 


g cavity. It has been found that freedom from radiograph- 
y visible microporosity is achieved more economically with 
gating method than with conventional means of filling the 
t 
he favorable mold-filling conditions attained by this gating 
hod make it possible to arrive at a high degree of radiographic 
ndness at a lower ratio of powred weight to shipped weight, 
1 with the use of fewer chills, than with previously utilized 
thods. Further, castings of excellent freedom from included 
n-metallic films have been attained. Experimental and produc- 
1 experience with this gating method is described. 


THE PHYSICAL AND CHEMICAL CHARACTERISTICS 
of a casting alloy dictate to a great extent the means by 
which it must be gated and risered to secure satisfactory 
castings most economically. In some alloys, unusually 
high density or high melting point necessitate special 
and difficult techniques. In others, high affinity for and 
sensitivity to dissolved gases create a necessity for costly 
foundry methods. In magnesium alloys, the high chem- 
ical activity of the liquid metal has created special 
foundry problems. 

Partial solution to these problems has come through 
development of gating techniques suited to the charac- 
teristics of the metal. The purpose of this paper is to 
present to the industry a new gating method by which 
some of the problems created by the chemical activity 
of liquid magnesium alloys have been overcome more 
economically than when using previously published 
gating methods. 


Bottom-Gating Used Widely 
Since liquid magnesium alloys react rapidly with the 
moisture and air in molds to form oxides, it is necessary 
to minimize gating turbulence and to prevent any tur- 


bulence from occurring within the casting cavity. For 
this reason, bottom-gating methods are used widely 
with these alloys. These methods have been discussed 
previously in the literature.! 

In such methods, for the most part, the metal is first 
brought, in the gating, to the level of the lowest part of 
the casting cavity. Here it usually is filtered through 
skim gates or strainer cores; and then is caused to enter 
the casting cavity at its lowest extremities, and to rise 
without turbulence until the mold is full. 

While bottom-gating methods are effective in pre- 
venting the inclusion of non-metallic films in the cast- 
ing, they set up basically undesirable conditions for 
securing directional solidification. For this reason, 
gating systems have been sought which do not require 
all the metal to flow through the lower portions of the 
casting cavity. 

Siie-Gating Developed 


Beck? described a side-gating technique which has 
found considerable use in the casting of vertical-walled 


Fig. 1—Basic features of the new gating system. Letters 
shown refer to description in lext. 
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parts. Baker® has discussed other gating variations in- 
tended to secure soundness through controlled direc- 
tional solidification, although his work dealt chiefly 
with relatively small, experimental castings. 

In the casting of large vertical-walled parts, side- 
gating techniques represent a considerable advance 
over bottom gating. However, for reasons to be dis- 
cussed the authors believe that conventional side-gating 
systems are not completely satisfactory as means of 
introducing magnesium alloys into molds. 

The new gating system discussed here seems to pro- 
vide more favorable mold-filling conditions. Not only 
are more favorable conditions for controlled directional 
solidification set up with this system, but castings of 
exccllent freedom from included non-metallic aggre- 
gates result. 


New Gating System Described 

Basic features of the new gating system (sketched in 
Fig. 1) include a slot gate (A) which continuously con- 
nects the casting with the well (B), as in the conven- 
tional side gating described by Beck.? An annular screen 
(C), placed concentric with the well (B), consists of a 
cylinder of tinned steel skim gate, commonly used in 
magnesium-alloy founding for filtering the metal 
stream. This cylinder is located at each end by cores 
placed as sketched in the drag and in the cope-cheek 
parting. A quantity of coarse steel wool is placed 
loosely inside the annular screen. 

The top end of the annular screen is located by the 
core (D) in the cope-cheek parting and through this 
core there is an orifice (E). The metal enters the mold 
through the sprue (/), flows through the runner (G) to 
the orifice (E), then drops through the annular screen 
containing steel wool, whence it flows through the slot 
gate into the casting cavity. 

With this gating system, the flow of metal into the 
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Fig. 2—Sketch showing the conventional side gate, first 
applied to the casting of a 24x24x3 in. rolling slab. [ 
A—Sprue. B—Screen pocket. C—Well. D—Slot gate n 
E—Casting. F—Riser. { 
Fig. 3— Photograph showing typical radiographi: i 
quality of 24x24x3 in. slabs cast with conventional side ; 


gate as in Fig. 2. Radiograph at left, taken throug 
full 3-in. thickness; at right, 1-in. thick slices of slab, 
both reduced somewhat in reproduction. 
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#—Sketch showing application of the new gating 
thod to the casting of a 24x24x3 in. rolling slab. 
Well. B—Annular screen. C—Slot gate. D—Casting. 

E—Riser. 


g. 5—Photograph showing typical radiographic 
ality of 24x24x3 in. slabs cast with the new galing 
em as in Fig. 4. Radiograph at Left, taken through 
3-in. thickness of slab; at Right, 1-in. thick slices 
slab; both reduced somewhat in reproduction. 


casting cavity is so controlled as to set up favorable 
thermal conditions for controlled directional solidih 
cation. The last metal poured (the hottest metal) comes 
to rest in the top risers, with little flow of metal through 
the lower portions of the casting cavity during the 
filling of the mold. 


Oxides Filtered Out 


The annular screen serves to filter out any reaction- 
product skins which may form as the metal drops 
freely through the orifice down through the well. ‘Thor 
ough fracture tests of many castings made by this 
method indicate that this filtering action is effective in 
preventing such films or oxides from entering the cast 


ing cavity. 

In early tests, the steel wool was not used inside the 
annular screen. As a result, the metal to some extent 
flowed through the upper part of the annular screen 
without first dropping and finding its level in the well. 
When this happened, the metal would run down the 
outside of the screen and the reaction products so 
formed would be washed into the casting cavity. 

It was found that a small quantity of coarse steel wool 
in the annular screen prevented this type of flow. The 
metal stream followed the steel wool to the bottom of 
the well (or until it found its own level in the well), 
then flowed horizontally through the screen into the 
casting cavity. 


Metal Allowed to Find Own Level 


Ihe function of the orifice is primarily to direct the 
metal stream into the center of the annular screen, thus 
further insuring that the metal will not be forced 
through the screen until it reaches its own level in the 
well. The orifice may also be used to control the pour 
ing rate, although the sprue is more commonly designed 
to perform this function. 
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Other variations of this gating principle have been 
applied, as discussed later in this paper. 


Experimental and Production Results 
A—Cleanliness of Castings 

The first casting poured with this gating method was 
a simple, vertical test panel. Fractures of a number of 
panels were consistently free of any indication of 
included skins or films of a non-metallic nature. Later 
evaluation of many other experimental and production 
castings confirmed this observation. It therefore was 
concluded that castings made by this method compare 
favorably in cleanliness with those made by any other 
method. 

B—Quality of Castings 

One of the first applications of this gating method 
was in the casting of an experimental rolling slab in a 
permanent mold. Attempts first were made to cast this 
shape by means of the conventional side gate sketched 
in Fig. 2. The radiographic appearance of the resulting 
slab is shown in Fig. 3. 

Alter several attempts to obtain acceptable quality, 
the gating method sketched in Fig. 4 was employed and 
it was found that by pouring the metal slowly and 
directly down the well, the radiographic appearance 
shown in Fig. 5 resulted. Complete freedom from radio- 
graphically visible porosity thus was attained. 

This was considered a convincing confirmation of the 
beliefs that initiated the study of this type of gating— 
namely, that more ideal filling conditions for direc- 
tional solidification would result. In addition, the frac- 
ture quality of the slabs in which the new gate was 
used was as good as or better than that obtained with 
the conventional side gating. 

C—Production Experience 

These initial successes led to introduction of the new 
type gate into the production sand foundry, where it 
has seen its highest development. A great number and 


Fig. 6—Photograph of 110-in. wheel casting, showing 
> > Ss 5 
application of the new gating method. 
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variety of aircraft-quality sand castings have been n 

by the use of this method. For purposes of this paper, jt 
is not practical to describe in detail the numerous o|! 
vations made, in this production experience, of ‘he 
value of the new gating method. However, many ec 
mies have been achieved. 

The value of the method hinges on the more fa 
able mold-filling conditions obtained than with con 
tional gating systems. All the metal poured is 
forced to flow through the lower portions of the cast 
cavity, and the foundryman finds it much easier to 
avoid shrinkage defects such as draws and micro. 
porosity in the lower portions of the casting. 

Production experience has indicated four ma 
advantages inherent in the new gating system. 


r 


Foundry Advantages Listed 

(1) A gating and risering system can be developed 
more readily to give acceptable quality in a new job 
than with conventional side gating or bottom gating, 
A successful gating system can be determined alter 
fewer unsuccessful attempts. 

In the experience of the authors, whereas previous 
it commonly required four or five attempts to find a 
suitable system for such parts as large aircraft whecls, 
more than two or three attempts now are rarcly neccs- 


’ 
| 


V 


sary when the new gate is applied. In one instance thy 


new gate was successful on a large wheel after more thar 
a dozen efforts had been made to secure satisfactory 
quality using conventional methods. 

This advantage is attributed to prevention of the 
flow of large amounts of metal through the lower part 
of the casting cavity in the filling of the mold, thereby 
avoiding local overheating of the mold material. 


Use of Chills Reduced 
(2) Fewer chills are required to secure soundness. In 
numerous jobs converted from conventional side gat 


Fig. 7—Another view of the new gating system as applied 
to same 110-in. wheel casting shown in Fig. 6. 
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Fig. 8 (lef{t)—Sketch of a vertical panel, bottom gated 
through a uniform web gate. 


Fig. 9—Channelling of flow in bottom-gated castings. 
Idealized (left) and actual (right) flow conditions 
during the filling of a vertical panel bottom-gated 
through a web gate. While the same amount of metal 
flows, in theory, over each portion of mold material, 
actually most of the metal flows in a few random chan- 
nels, overheating certain streaks of the mold surface. 
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ing to the new gating or some variation of it, it was 
found possible to eliminate many chills from the drag 
portions of the casting, without sacrifice of quality. This 
was accomplished without significant changes in the 
size, shape or position of feeders. 

This observation indicates that with conventional 
side gating some chills are necessary to counteract the 
heating effect of the flow of metal through drag por- 
tions of the casting cavity. When a system is used which 
avoids such flow, the chills are no longer needed, 


Uniform Quality Obtained 

(3) Uniformity of quality from one casting to 
another is significantly increased. With conventiona! 
gating systems, random draws and random objection- 
able amounts of radiographic porosity are more com- 
mon than with the new system. Even with simple test 
castings, the streaks of porosity associated with bottom 
gating are not found in the same location from one 
casting to another. 

It is evident that the channelling of flow frequently 
is of random nature when much metal is caused to 
flow through the lower parts of the casting cavity. When 
this type of flow is avoided, a basic cause of the random 
occurrence of shrinkage defects is removed. 


Increased Yield Results 


(4) Substitution of the new gating system for con- 
ventional methods almost invariably has resulted in 


increased casting yield (ratio of shipped weight to 
poured weight), without sacrifice of quality. Such in- 
creases in casting yield were possible because it no 
longer was necessary to use extreme riser sizes in an 
attempt to counteract the tendency toward random 
shrinkage defects caused by improper mold-filling con- 
ditions. 


Practical Application of Method 

Early in the development of this gating method, an 
unusual opportunity for testing its value developed in 
the casting of a large landing wheel to be used experi- 
mentally on the B-36 bomber. The wheel had a shipped 
weight of approximately 830 Ib and numerous attempts 
had been made to cast with conventional gating 
methods. Despite the most careful planning and utmost 
application of known principles, all attempts had failed 
to yield a production method which would insure satis- 
factory quality. The most serious sources of scrap were 
draws and radiographic microporosity. 

The new gating method described here then was 
attempted, as photographed in Figs. 6 and 7. Draws 
were practically eliminated as a source of scrap, and 
much less microporosity appeared in resulting castings. 


Magnesium Demands Minimum Turbulence 
One of the foundryman’s most fundamental controls 
over the quality of a casting lies in the manner in which 
the mold is filled with molten metal. The freedom of a 
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casting from included non-metallic aggregates, and 
from a great variety of other internal and surface 
defects, is dependent to a great extent on how well the 
casting is gated. One requirement of a good gating sys- 
tem is that pouring turbulence be kept to a minimum. 
While this is a desirable attribute of the gating system 
for any alloy, it is essential in a gating system for a mag- 
nesium-alloy casting. 

The reaction of liquid magnesium with air and water 
vapor necessitates the use of inhibitors in the molding 
sand. These inhibitors prevent burning of the metal by 
reacting with the metal to form protective films. Since 
the films which form during the pouring of magnesium- 
alloy castings differ little in density from the metal 
itself, there is little tendency for gravity segregation to 
separate them from the metal stream, once they have 
been intermixed. 

In gating magnesium alloy castings, therefore, two 
precautions are necessary: (1) Turbulence in the gating 
system must be kept to a minimum to prevent entrain- 
ment of films in the metal stream; (2) turbulence can- 
not be permitted in the casting cavity itself. 


Why Bottom Gating Used 
These necessities have led to the use of bottom gating 
as the most general method for introducing magnesium 
alloys into molds. In these methods, the metal is first 
brought to the level of the lowest part of the casting 
cavity with as little turbulence as possible. Usually, the 
metal is filtered at this point by causing it to flow 


Fig. 10—Method by which a 24x24x3f-in. panel was 
bottom-gated through a uniform web gate. 
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through skim gates or strainer cores, thus separating 
any entrained films from the metal stream. The « 
metal then is introduced into the lowest parts o! 
casting cavity, and is allowed to flow upward, 

It is important that the gating be so arranged 
the metal does not drop from one level to an a 
ciably lower level within the casting cavity itself. \\ 
this happens, protective films form on the surfaces 
exposed by the resulting turbulence and tend | 
entrapped in the casting. 

These are the considerations that have dictated 
use of bottom gating to so great an extent in the [¢ 
ing of magnesium-base alloys. Bottom-gating met 
have proved highly successful in preventing the i: 
sion of non-metallic films in castings. Great quant 
of aircralt-quality castings have been produced by 


methods. 


Disadvantages of Bottom Gating 

However, serious disadvantages are associated 
bottom-gating techniques. One of these involves the 
point that all metal poured must flow through the lower 
portions of the casting cavity, with the result that the 
last metal poured (the hottest metal) comes to rest in 
the bottom of the casting cavity, while the metal poured 
first (consequently, the coldest metal) comes to rest ir 
the top part of the casting cavity or in the risers. 

Since top-risering often is necessary, this results in 
adverse conditions for directional solidification. Fur- 
ther, the mold material adjacent to the lower parts of 


Fig. 11—Radiograph of 24x24x3f-in. panel cast by the 
methods of Fig. 10. Only one-half of panel is shown. 
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the casting cavity is heated to a greater extent than that 
adjacent to the upper parts. This also is unfavorable to 
feeding with top-risers. 


Metal Flow Tends to Channel 


If this were the only disadvantage of flowing all the 
metal through the lower parts of the casting cavity, its 
bad effects still could be overcome without great difh- 
culty by bottom feeding with blind risers. In many cases 
this can be and is done, especially when relatively thin 
sections are involved. 

However, a still greater disadvantage of this type of 
mold-filling lies in the fact that the flowing metal tends 
to follow certain channels in filling the casting cavity. 
In a uniform vertical section, for example, gated as 
sketched in Fig. 8, the same amount of metal will not 
flow over each portion of the mold material intersected 
by the horizontal plane A-A and no uniform filling of 
the panel occurs such that the same quantity of hot 
metal will flow over each point (a, b,c. . .). Instead, the 
flow tends to channel as sketched in Fig. 9. 

The mold material is heated by the passage of metal 
over it, and naturally it is heated more in locations 
where channelling of flow occurs. Similar flow condi- 
tions exist in horizontal or inclined sections. In any 
case, the result is that some shrinkage defect is likely to 
appear where channelling occurred. Sometimes a 
streak of porosity occurs; in other cases, a shrink or 
draw type of defect occurs. 


Multiple Gating Widely Used 
Foundrymen have combatted this problem by mul- 
liple gating of magnesium-alloy castings. In any mag- 
nesium-alloy casting of appreciable size, it has long been 
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Fig. 12—Application of a conven 
tional side gate (as described by 
Beck) to the casting of an aircraft 


wheel. Slot gate (A) runs up the side 
of the casting and is conti wously 
connected with a well (B). Sprue (C) 
carries the metal to the lowest part 
of the casting, where it ts screened 
by the skimgate (D) before con- 
tinuing along runner (E) into the 
bottom of the well. 


Fig. 13—Casting of 24x24x3% in. panel, of type illus- 
trated in Figs. 10 and 11, produced by use of the side 
gate method represented in Fig. 12. 
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Fig. 15 (left}—-Idealized flow condi- 
tions in a side gated casting. Metal 
rises in well, then flows horizontally 
into casting cavity. A—Sprue. B— 
Horn gate. C—Well. D—Slot gate. 
E—Casting cavity. F—Riser. 


Fig. 16—Actual flow conditions in a 
side-gated casting. 
Much of metal continues to flow 
parts of casting 
cavity, following channels estab- 
lished in the early part of the pour. 
































recognized as good practice to gate into the casting 
cavity at numerous points. In this way it is attempted to 
prevent too large a volume of metal from flowing over 
any portion of the mold material. The use of a single 
gate into a large magnesium-alloy casting is almost 
never encountered. 

The importance of this effect of channelling of flow 
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may be visualized by studying Figs. 10 and 11. Figure 10 
shows the method by which a 24x24x3 in. panel was 
gated and risered, employing a uniform web gate along 
the entire bottom edge of the panel. Despite the uni 


Fig. 14—Radiograph of a 24x24x3f-in. panel cast by the 
methods of Fig. 13. One-half of panel is shown. 
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17—Adaptation of the new gating method toa small 
nch casting. Satisfactory quality and increased pro- 
duction were obtained. 


formity of design of this panel and its gate, no pouring 
rate could be found by which the streaks of porosity, 
shown in Fig. 11 could be eliminated. 

rhe panel illustrated was of simple design, yet the 
ill effects of channelling of flow are evident. An even 
greater opportunity for seeking preferred channcls of 
flow occurs in production castings of non-uniform sec- 
tion. For these reasons, better methods of filling molds 
were sought. 


Application of Slot Gate 
Beck! describes a type of gate which represents a sig- 
nificant improvement over conventional bottom gating 
for the casting of vertical walled parts. This may be 
referred to as the side gate or conventional slot gate, 
| it has found considerable application in the casting 
such magnesium-alloy parts as aircraft wheels. 

Che method, sketched in Fig. 12, employs a slot gate 

{) running up the side of the casting and also continu- 
y connected with a well (B). A sprue (C) carries the 

metal to the level of the lowest part of the casting cavity, 

as in bottom gating. Here it is screened with the skim- 

gate (D). A runner (E) carries the metal into the bottom 
e well (B). 

Figure 13 shows how this system was applied to the 
24x34 in. panel illustrated in Figs. 10 and 11. Figure 
ndicates the resulting freedom from the streaks of 
osity typical in such a panel when bottom gated. 
luction experience at the authors’ plant has repeat- 

shown that for such parts as aircraft wheels, draws 
microporosity in drag parts of the casting can be 


eliminated much more easily with this side-gating tech 
nique than with bottom gating. 

It is believed that the eflectiveness of this system lies 
in the fact that all metal poured need not flow through 


the lower portions of the casting cavity. Instead, the 
metal tends to flow up the well, and thence to flow 


horizontally into the casting cavity. 


Shrinkage Defects Due to Flow 

However, a study of the occurrence of shrinkage 
defects in castings gated in this manner led to the infer- 
ence that the system was only partially effective in pre- 
venting the flow of large quantities of metal through 
the lower portions of the casting cavity. The occurrence 
of draws and porosity in many castings, and the rela- 
tion of such defects to the positions of gates and risers, 
made it appear that during the filling of molds much 
of the metal still had a strong tendency to enter the 
casting at its lower extremities, following channels 
established in the initial stage of pouring. 

Figure 15 sketches ideal filling conditions envisioned 
when a slot gate is applied; Fig. 16 illustrates the 
type of filling which, it appears, actually occurs in many 
cases. It is believed that this gate, in actual application, 
is only a compromise between the type of flow occurring 
in bottom gating and the ideal type sketched in Fig. 15. 
Depending on the design of the casting, the ideal flow 
is more closely approached in some applications than 
in others. 

The new gate described in this paper reconciles the 
divergent aims of securing both maximum cleanliness 
of the casting and ideal filling conditions for directional 
solidification. 

It is difficult to overstate the effect that conditions of 
mold-filling may have on the setting-up of desirable or 
undesirable thermal conditions for directional solidi- 
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fication. Countless times in the development of a gating 
and risering system for a new pattern, a shrinkage defect 
occurs which may be attributed to the flow of too great 
a volume of metal through a particular portion of the 
casting cavity. 

Before this new gate was developed, the foundryman 
frequently was unable to correct the basic condition 
causing such defect, and either had to resort to the use 
of chills, change the risering, or change the placement 
of the gates (within the limits imposed by the necessity 
for casting cleanliness). Many times he was forced to 
these costly expedients without any certainty of their 
success and, too frequently, such changes succeeded 
only in driving the defect elsewhere within the casting. 

With the new gate it has been found possible readily 
to correct basically undesirable flow conditions in a 
large variety of situations. One such situation, previ- 
ously mentioned, involved the casting of an experi- 
mental rolling slab. In the sand foundry, similar cases 
have been very numerous. 

Adaptability of this new gating system indicates that 
its value is not limited to the casting of deep vertical- 
walled parts. With any top-risered casting, however 
shallow, if a top riser is accessible it may be filled 
through a gate of this type, and thus the necessity of 
flowing the riser metal through the casting cavity is 
avoided. 


System Highly Flexible 

Figure 17 illustrates an adaptation of this type of 
gate to a small bench casting. Both greater produc- 
tion speed and higher casting yield are realized by this 
method than would be attained using conventional 
methods. The castings are entirely satisfactory both as 
to cleanliness and as to radiographic quality. Compari- 
son of Fig. 17 with Figs. 6 and 7 illustrates the great 
range of casting types and sizes to which this gate has 
been adapted. 

Many variations of the basic features of the new 
gating system are possible, and some have already been 
attempted. For example, the screen need not be an- 
nular; however, the cylindrical shape does afford ample 
screening area, and this avoids plugging the screen with 
any reaction-products which may form as the metal falls 
through the well. 

One variation of the system which has found con- 
siderable successful application occurs in the practice 
of first bringing the metal to the level of the lowest por- 
tion of the casting cavity (as in conventional side gat- 
ing), then introducing the metal into the bottom of the 
annular screen through an orifice. This practice facili- 
tates molding when it is desired to extend the slot and 
well up through the cope to fill a top riser directly 
from the gate. 


Advantages Outweigh Disadvantages 

Disadvantages of this gating technique can be 
weighed against its advantages. First, the slot gate is not 
so easily removed from the casting as are conventional 
bottom gates. Secondly, there is a tendency toward cen- 
terline porosity at the junction of the slot and the cast- 
ing wall. These two disadvantages are also shared by 
the conventional slot gate. In addition, remelting of the 
gate scrap involves the somewhat cumbersome opera- 
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tion of removing the annular screens from the melt, 
when the new gating system is used. In the opinion of 
the authors, none of these disadvantages seriously pre ju. 
dices the use of this gate, in view of its many econon 


Summary 


A new type of gate has been developed by which 
clean, sound, magnesium-alloy castings of many designs 
can be made more economically than by previously 
published methods. The chicf value of this gating VS 
tem lies in the fact that its use corrects basically unde. 
sirable filling conditions which are difficult to avoid 
with other systems. By virtue of the improved mold- 
filling conditions attained, the problem of setting up 
proper conditions for controlled directional solicdifica- 
tion is much simplified. The method has been adapted 
to a great variety of cast shapes. 
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DISCUSSION 


Chairman: R. T. Woop, American Magnesium Corp., Cleve 

land 

Co-Chairman: Hiram Brown, Solar Aircraft Corp., Des 

Moines, Iowa 

Dr. L. W. Eastwoop' (written discussion): This paper is a 
welcome addition to the technology of casting because there is 
far too little work done on methods which will produce the 
proper temperature gradients in the mold cavity. 

Melts tend to flow in straight lines unless there is an 
obstacle which will cause a deflection of the melt stream. The 
use of the steel wool in the authors’ system of gating helps to 
retard the downward flow of the melt, thereby assisting a lateral 
movement of the melt into the mold cavity at the melt level 
Their screen effect is incidental to this and, if necessary, could 
be done more simply. 

There is another way of obtaining the proper flow of metal 
by means of a properly designed “side gate.” The design of 
the side gate, as shown by the authors’ Fig. 2, 12, 13, and 16, 
misses an important point which is illustrated in Beck's Tech 
nology of Magnesium, page 331, Fig. 369D. The side gates 
illustrated by the authors would not be expected to be ( 
successful because they do not reverse the direction of the fiow 
of the melt in the gate. It is entirely possible with their cesign 
of the side gates for the metal to flow more or less horizontally 
from the down sprue through the gate into the mold cavity. 
An examination of the figures illustrated by Beck, referred to 
above, shows that the metal is completely reversed in direction 
in the gate so that it is traveling vertically when it enters the 
side reservoir. In contrast to this, the gate shown by the authors 
Fig. 16 enters the well at an angle, and, obviously directs metal 
into the bottom of the mold cavity as the authors have indi 
cated. If, however, Gate B had been properly designed, the 
melt would have entered the wall, C, vertically, or possibly 
even with a slight back slant tending to place the metal in the 
well at the side opposite from the slot gate connecting it with 
the casting. If screen systems are required, they can be very 
readily incorporated in the gate at B and it is especially cesit 
able to have the metal flow through the screen from |clow 
and not from above as shown by one of the authors’ figures 
Had this been done, it is quite likely that the side gate, prop 
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designed, would have produced as good results as the 
rs’ new gating system. 
ir. Ertiott: Dr. Eastwood has indicated that it is easy to 
the flow of large quantities of metal through the base 
e casting cavity, by adjusting the direction imparted to 
metal stream as it enters the base of the well. This is con- 
to our experience with this type of gate. We have tried 
gating into the well and other means of producing a 
il flow of the metal at this point in the gating, in the 
pt to improve mold-filling conditions. It is found, how 
that there are more significant factors affecting the mode 
ing of the mold. The first metal to enter the casting must 
sarily enter at the base of the casting cavity. This first 
heats up a path through the mold material, and during 
stages of filling, the metal tends to follow these heated 
nels which were established in the early part of the pour 
were unable to find a way of introducing the metal into 
ise of the well which was as consistently successful in 
ting channeling effects as the use of cylindrical skim-gate 
described 
R. E. Warpo?: There would have to be diligent use of the 
of the diameter and the length of the cylindrical screen 
revent spraying at the top of the screen by too rapid intro- 
on of the metal. I wonder if this ratio has been worked 
and whether it has been found that you can pour too fast 
have metal spray from the top of the screen before the 
ing cavity was filled? 
Mr. Ettiotr: Under some conditions we have had that hap- 
n. If the flow rate is too great in relation to the diameter 
f the screen, there is a tendency for the screen to fill up and 


? Eclipse-Pioneer Div., Bendix Aviation Corp., Teterboro, N. J 
* Dow Chemical Co., Midland, Mich. 
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for the metal to run down the outside of the screen. In running 
down the outside of the screen it oxidizes and the oxide is 
washed into the casting. When pouring into the top of the 
well, one of the things that has to be avoided is pouring at 
too great flow-rate down a single one of these wells. One of 
the things that we do to alleviate that defect is to increase the 
diameter of the screen 

Mr. Mezorr: In one of the illustrations there were some 
fuzzy lines down the center of the screen. These lines indicate 
the presence of stringers of steel wool along the axes of the 
screens. The steel wool acts more or less like a stirring rod 
as it is used in the laboratory to pour a liquid from one beaker 
to another. It helps to keep the metal following a course down 
the center of the screen rather than trying to wet the screen 
and flow down the screen itself 

Another observation you may have made from the illustra 
tion was in the case of the large 110-in. wheel. If you look 
closely you will see there were actually two screens concentric 
with each other. That application, as has been menuoned, was 
one of the very early applications. It was at a time when we 
were having trouble adjusting the ratios Mr. Ward mentioned 
We found that by using a double screen method, we could get 
away from any kind of premature flow through the outer 
screen. It was after that, that we started using the steel wool, 
so that both of those tools are available also in the application 
of this gating. 

M. E. Brooxs*: This method of gating was developed in our 
foundry about a year ago. We had considerable trouble trying 
to determine the proper ratios of gate size to casting wall thick 
nes and various other difficulties in the early stages of develop- 
ing the gate. As soon as we were sure that the gate would give 
satisfactory results the necessary information for its use was 
passed on to other foundries. 














GRAPHITIZATION OF WHITE CAST IRON 


EFFECT OF SECTION SIZE AND ANNEALING TEMPERATURE 


By 


Richard Schneidewind,' D. J. Reese,’ and A. Tang * 


ABSTRACT 


A study of time necessary for first-stage annealing of sections 
of white iron step bars indicated a great effect due to cooling 
rate of the casting during solidification. Cooling rate was con- 
sidered to be proportional to the ratio of volume to surface area 
of the casting. It was found that the logarithm of this ratio is 
directly proportional to the logarithm of annealing time and to 
the grain size of the metal. 


SINCE RATE OF GRAPHITIZATION of white cast iron 
is influenced by many factors, it is difhcult to measure 
the precise effect of any one variable, such as cooling 
rate, for example, unless all other factors and foundry 
conditions are maintained constant throughout the 
series of tests. Unless the influence of all the other vari- 
ables is clearly understood, it is unwise to draw un- 
justifiably wide conclusions from such a study. 

A partial list of the variables which affect rate of 

graphitization would include the following items. 

1. Basic composition: carbon, silicon, and iron. 

2. Other elements: manganese, sulphur, phos- 
phorus, chromium, hydrogen, etc. 

3. The rate of cooling of the casting in the mold. 
This is controlled principally by section size, 
pouring temperature, and mold material. 

4. Raw materials. This involves other elements 
mentioned under 2 and also hereditary ellfects of 
possible combinations of elements, their distri- 
bution and graphite size in the pig. In addition, 
gases resulting from moisture in the blast and 
melting furnace atmosphere and time held in the 
furnace all have their effects. 

5. Superheat in the melting operation. 

6. The temperature of soaking in the first stage of 
annealing. 

7. The rate of heating to the soaking temperature. 

8. The atmosphere in the annealing oven. 

It is obviously necessary, if any one of these factors 

is to be studied, that all the other variables must be 
maintained constant. 


1 Professor of Metallurgical Engineering, University of Mich- 


igan. 

2 Development and Research Division, International Nickel 
Co. 
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This paper will confine itself to factors 3 and 6 above, 
the influence of section size and soaking temperatur: 
in the first stage of annealing. The specimens studied 
were all made at the Jamestown Malleable Iron Co 
Jamestown, N.Y. and were poured within a period of 
about ten minutes so that it may be safely assumed that 
items I, 2, 4, and 5 are as constant as commercially 
possible. The foundry data are as follows for a period 
of 45 min.: 


2920 F (Pyro Optical 
Pyrometer) 

2960 F (L and N Optical 
Pyrometer) 

2740 to 2810 F (Pyro 
Optical Pyrom- 
eter) 

Green Sand 

Carbon 2.30 percent 

Silicon 1.38 percent 

Manganese 0.46 percent 

Sulphur 0.136 percent 


Superheat temperature: 


Pouring temperature: 


Molds: 
Chemical Composition: 


The specimens reported upon in this paper represent 
but a fraction of the specimens covered by the above 
foundry data so that the pouring temperatuie rang¢ 
is probably only between 2790 and 2810 F. 

The specimens poured consisted of step bars and 
tensile test bars. The step bar was composed of five 
sections with a thickness of 1.5, 0.75, 0.5, 0.25 and 0.125 
in. respectively. Figure 1 shows a sketch of this piece. 
The tensile bars were standard as to gating but were 
provided with pads to give a uniform cross section of 
0.75 in. diameter. 

Annealing was conducted in a laboratory electric 
resistance furnace. Specimens were placed upon the 
hearth of the furnace which was at the required tem: 
perature and were covered with charcoal to minimize 
decarburization. Although this procedure does not 
simulate commercial conditions, it does, however, 
maintain constant items 7 and 8 above which deal with 
rate of heating and furnace atmosphere. The speci 
mens were at heat in 15 min. which is equivalent to 4 
heating rate of 99 and 109 F per min. 
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t has been shown by Forbes,' Schwartz * *: +, Boege- 
1° and others that faster cooling rates as the iron 
lifes result in an increase in the rate of carbide de- 
)position upon annealing. The reason lor such be- 
ior must be reconciled with the mechanism of 
»phitization which has been clearly 
wartz ® as embracing the following steps: 


stated by 


“Solution of cementite 
Decomposition of cementite 
Migration of carbon 
Crystallization of carbon 


Che reaction as a whole will have its rate determined 
, that of its slowest step. Solution and crystallization 
> steps dependent upon area of interlace, therctore, 
) the very beginning of the reaction, when the surface 
f graphite is infinitely small or absent, that reaction 
ust be the slowest and must govern the process.” 


Effect of Faster Cooling Rates 

Faster cooling rates may increase the rate of malle- 
bilization at a given soaking temperature in one or 

th of two ways. First, it will produce a finer casting 

ain size and hence a finer eutectic cementite network. 
[he increased austenite-cementite 
crease the rate of cementite solution (Schwartz's factor 

above) since rate of solution is proportional to the 
surface of solute exposed to the solvent. Secondly, a 
faster cooling rate increases the under cooling of aus- 
tenite at the lower critical and the austenite at its trans- 
formation will contain more than the theoretical eutec- 
toid concentration of carbon. Upon reheating above 
the critical there may either be a tendency to lorm a 
supersaturated austenite or excess carbides may be 
precipitated in fine dispersion which will offer a large 
amount of surface area to the austenite. 

Ihe latter effect has been carefully described by 
Schwartz,* * Saito and Sawamura,’ Hultgren and Ed- 
strom * for the case where white irons were given a 
preliminary heating above the critical tempcrature and 
quenched prior to annealing. Simmons ® 
quenched a heated bar on one end as a Jominy bar 
and spectacularly demonstrated that faster rates of 
quenching produced finer graphite nodules. 

In all these experiments the effect of carbide net- 
work was kept constant and only the nature of the 
matrix produced the effect noted. Prequenching is 
rarely a practical treatment but the effect of cooling 
rate such as determined by the cross section of the 
casting is of great interest to the foundryman. 


interlace will in- 


were 














I (below )—Sketch shows step bar with dimensions. 


2 (right) —Curves showing effect of section and 


temperature on first-stage annealing time. 


ing 
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Outline of Test Procedures 


Pieces were cut with a rubber wheel, plentifully sup- 
plied with coolant to prevent overheating, from each 
section of the step bar and from the test bar. Specimens 
were placed in an electric furnace at 1700 F and were 
covered with charcoal. It was noted that after about 
15 min. the temperature controller indicated that the 
furnace and its contents were at heat. Pieces were re- 
moved from time to time cooled and were polished 
and examined for free carbides. 

I he same procedure was later repeated for a soaking 
temperature of 1550 F. In each case further samples 
were treated in order to determine more closely the 


time necessary to cause disappearance e of carbides. 


Results of Tests 


Ihe results of the tests are presented in Table I. 
Many samples were treated but only the last simple 
containing carbides and the first one free froia car- 
bides of each series is reported. In judging the speci- 
mens, the outside layer of metal was ignored. Although 
the surface of many of the specimens was a cut rather 
than a cast surface, there seemed to be a condition of 
nonuniformity extending inward for about 4. in. 
which is probably due to atmosphere in the furnace. 
This phenomenon is more easily seen in thin sections 
than in heavier ones. 

Metallographic examination in the unetched condi- 
tion also confirmed the previous observations of many 
workers in the field that fast graphitization and numer- 
ous temper carbon centers go hand in hand. 

These data are also presented graphically in Fig. 2 
where section thickness and time for carbide decom- 
position are plotted. The test bar of course does not 
fit this simple curve and is therefore omitted. 


Correlation of the Results 


It is apparent qualitatively that faster rates of cool- 
ing produces faster annealing rates. In the foundry 
field many phenomena are proportional to cooling 
rate and a large amount of work has been done to cor- 
relate cooling rates during solidification with mechani- 
cal propertics. Bolton *® and others have pointed out 
that the ratio of volume to surface is at least roughly 
proportional to cooling rate. 

If two castings are to be poured out of similar metal 
from the same pouring temperature, it may be assumed 
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Fig. 3—Curves showing computation of V/A for simple 


shapes. 


that the sensible heat, the specific heat, and the latent 
heat ol solidification are the same. In other words, the 
number of heat units to be removed by the mold will 
be directly proportional to the volume and weight of 
the casting. 

If poured into molds made of the same material then 
the iate of heat wansler to the molds is constant and 
the amount of heat absorbed by the mold in a given 
time is directly proporuonal to the area of the mold. 


, 


Simply, it may be said that the ratio — is a measure of 


4 


the number of Btu of heat dissipated to each square 
inch of mold cavity surface; if the molds are of the same 


; | 
material, 7 is proportional to cooling rate. 


yp 
This ratio of 7 is here computed where V equals the 


volume of the casting in cu. in. and A is the cooling area 
of the casting expressed in sq. inches. The area of 
gates and risers must be subtracted from the total sur- 
face since cooling does not take place at these points 
prior to solidification. 


, 


In order to facilitate the computation of 4 for sim- 


V 
ple scctions, Fig. $ has been drawn with the ratio 7 as 


é 


the abscissa and D as the ordinate where D, expressed in 
inches equals the diameter of a round cross section or 
a side of a square cross section. The cooling rate at the 
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Fig. 4—Data of Briggs and Gezelius plotted according 


55 


to Chvorinov Method. 


center of a round bar of 2 in. diameter is the same as 
that in the center of a bar 2 in. square by this compu- 
tation. 

Radiating from the origin are lines indicating the 
relative lengths of the bars. The line at the extreme 
right is for bars of infinite length. For a bar 2 in. in 


; } ee 
diameter 4 may be read as 0.5. If the bar is 16 in. long 
4 


it falls on the line labeled 16d and for 2-in. diameter 


V : : ‘ 
y ho 0.495. If a 2-in. cube or a 2-in. diameter casting 
2-in. high is considered, this will be found on the line 


7 


corresponding to a length d and {= 0.335. Finally 
if the line on the left side is used, labeled 4 gd, for a 

y 
2-in. diameter disc, %-in. thick, — 


4 


Gates and risers will reduce the value for A but usually 


may be read 0.06 


V 
will not change r | appreciably. 


The next problem is to find a correlation between ~ 


and casting properties. 

Briggs '? presents a large amount of work done 5y 
him and his collaborators, as weil as by others on th 
rate of solidification of steel castings of various s!7 
and shapes. A number of equations are given whict 
attempt to correlate section thickness, D in inches, wit! 
time for solidification, @ in minutes 
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Fig. 6—Photomicrographs showing influence of cooling 


rate with respect to grain size of step bars shown in 
Fig. 1. All 100, etched. A—center of 0.125-in. ste p. 
B—center of 0.25-in. Step. C—center of 0.50-in. step. 


D--center of 0.75-in. step, and E—center of 1.50-in. step 
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TABLE I.—INFLUENCE OF SECTION SIZE AND SOAKING 
TEMPERATURE ON TIME FOR First-STAGE ANNEALING 








Section Time to decompose the carbides, hr. 
thickness, - - 
in. 1700F 1550F 
0.125 . we ea ef 
0.25 »2 < 3 (nearer 3) >11 <14 (nearer 11) 
0.50 4 < 6 >19  <21% 
0.75 6 < 8 >27%<31 
1.50 »~8 <10 (nearer 10) >35 <4l1 
0.75* >5 < 6 (nearer 6) ae acetal 
* Tensile test bar. 
be 
x 
a 
ee 
1/8" 1/4" 1/2" 3 3/4" 13° 


1 L 


= 
Ss 
= 














for grapnitization) 


(9 = ors. 


40g © 














log ¥ 
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Fig. 5—Relationship between cooling rate of the casting 
and the time and temperature of first stage annealing. 


9, hours. 
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Chvorinov ** proposes the equation 


R? 
= —— 
A P4 
where 
@ = time for solidification of steel castings 
pressed in minutes 
R = the ratio , expressed in millimeters 
K = a constant 


His results plotted on log-log paper with @ as ordina 
and 4 35 abscissa give a straight line for castings var 


ing in shape and also in “size from a plate 10 mm. thick 
up to massive castings of 65 tons.” 1! After converting 
from millimeters to inches the equation for this ling 
may be written 


, 


log 6 = 2 log 4 + 1.05 


4 


In order to check these findings, which show that the 
V , — . : 
factor log r) correlates with solidification time, thx 


authors recomputed Briggs’ ™ data on the solicifica- 
tion of 6 in. and 9 in. spheres and of a casting 354 x 354 
x 8 in. These spheres were poured and at definite in 
tervals the molds were bled and the wall thickness 
measured. From the values given in his Figures 60 and 
61, the volume and areas of the castings were com 


V . : 
puted and also 7 The computations are shown in 


Table Il and graphically in Fig. 4. When log @ is plot- 
V 
ted against log — a straight line results whose equation 


7 


is log 6 = 2 log , +- 0.83. This line is obviously paral- 


lel to that of Chvorinov and slightly displaced indi- 
cating different mold material or conditions. Ney 
theless, the results of these investigators does indicate 


TABLE 2.—DaTA oF Briccs & GEZELIUS ON SOLIDIFICATION 
Recalculated by Chvorinov’s Method 





Volume Area 
Skin of of 
0 thickness solid sphere 
Dimension Minutes inch cu. in. sq. in. 
0.9 0.4 94 254 
2.0 0.65 143 254 
4.0 1.0 204 254 
9 in. diam. 7.0 1.55 275 254 
9.5 2.0 316 254 
12.2 2.5 348 254 
14.8 3.0 367 254 
0.8 0.45 43.5 113 
1.0 0.5 48.0 113 
1.47 0.6 55.3 113 
6 in. diam. 2.0 0.73 64.5 113 
2.97 1.0 79.6 113 
3.7 1.2 89.9 113 
5.0 5 99.0 113 
1 0.5 56.6 142 
Casting 2 0.75 75.4 142 
354 x 35g x 8 in 2.78 1.0 88.9 142 
3.5 1.2 102.0 142 
* Assumption—sprue on spheres are 2 in, diam. 


sprue on block is 2 in. square. 





V V log V 
A A A 

corrected* log 6 
0.370 0.364 —0.440 — 0.046 
0.564 0.552 —0.258 +0.301 
0.804 0.786 —0.127 +0.602 
1.082 1.054 +0.023 +0.846 
1.242 1.206 +0.082 +0.978 
1.370 1.320 +0.121 + 1.087 
1.442 1.399 +0.142 +1.17! 
0.385 0.370 —0.432 —0.09 
0.425 0.409 —0.389 0.0 
0.489 0.470 —0.328 +0. 1¢ 
0.570 0.550 —0.260 +0.3( 
0.705 0.685 —0.165 +0.47 
0.795 0.742 —0.130 +0.5¢ 
0.876 0.850 —0.071 +0.69 
0.399 0.395 —0.405 0.0 
0.530 0.523 —0.283 +0.30 
0.616 0.613 —0.212 +0.444 
0.719 0.702 —0.154 +0.54 











ate 
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, 


+ log — has significance in foundry work. 
‘ 5 4 56 4 
\n attempt was next made to determine whether the 
J ; 
e, log 4’ would correlate with the results on first- 


annealing of this investigation. The volumes and 
face areas of the tensile test bar and of each section 
1e step bar were computed. 
yrrections for gating were subtracted from the sur- 
areas. In the step bar a gate 1 in. by | in. entered 
re the 14 in. and |] in. sections joined. One-six- 
th of a square inch was therefore subtracted from 
surface of each section. The heaviest section was 
vided with a gate | in. x 4 in. and a similar cor- 
tion was made. Each tensile bar was fed by two 1 
x 14 in. gates. Table III presents these data. 
hese data were plotted in Fig. 5 with the range of 
i ; V 
aling time from Table I versus the ratio of 
logarithmic coordinates. Straight lines are the only 
s which will connect the data points. The equa 
ns for the lines are as follows: 


y 
at 1700 F log 6 = 1.2 log Fi 1.633 
~e ° V 9 OF 
at 1550 F log @ = 1.2 log qt 225 
here 
A - time in hours 
V volume in cubic inches 
4 cooling area of casting in square inches 


The time necessary to anneal all the specimens have 

n compiled from the graph of Fig. 3 and have been 
idded to Table IIT to show the good correlation 

It would seem, therefore, that the cooling rate as 
measured by the ratio of volume to area of the casting 
stands in a similar logarithmic relationship to first 
stage annealing as it does to rate of solidification of 
steel castings as shown by the data of both Briggs and 
yf Chvorinov. 








¢ 


TABLE 3.—ANNEALING TIMI 





AND VoLUME-T0-SURFACI 


The two lines in the graph represent the behavior 
of the irons when annealed at 1700 and 1550 F respec- 
tively. One of the present writers ** has previously 
shown the relationship between temperature of first 
stage annealing and time necessary for decomposition 


of cementite. This earlier work was done at a con- 
stant since all specimens were cut from tensile bars. 
A 


Comparison with these results shows that the difter- 
ence in annealing times at the two temperatures found 
for the step bars is exactly predictable from the pre- 
vious tests. 

Confirmation of this relationship was sought in the 
data presented by Boegehold.® On p. 451 of his article 
he presents drawings of a small and a large casting. 
The dimensions were taken from data and by scaling 
the drawings. His section C is a ring 5.75 in. outside 
diameter with 4% in. wall thickness and 34 in. long cut 
from the end of a brake flange hub weighing about 50 
lb. It is assumed that this ring section connected to a 
riser through an area of 2 in. x +4 in.; the small casting 
is assumed to have a gate 14 in. x 14 in. Naturally, 
since the iron and the molding sand are different than 
those of the step bars in this investigation, a different 
constant appears in the equation 

log 6 1.2 log _¢€ 
=) _ 5S 1 i 
than given before. The data are presented in Table IV. 
Using this formula and assuming that the annealing 
times for the small casting, A, are correct, the anneal- 
ing times for section C were computed and are shown 
in the table. 

The influence of cooling rate was also studied with 
respect to the grain size. Photomicrographs in Fig. 6, 
at 100 diameters were prepared from the center of 
each part of the step bar. Readings were made on each 
picture along the diagonals, across through the center, 
and vertically through the center to count the number 
of crystals per inch. Since the photomicrographs are 


at 100 diameters, these numbers are actually per Yoo 














RELATIONSHIPS FOR STEP AND TENSILE BARS 








S tir r V 

kness, Volume, \rea . 

cu. in. sq. in 1 
0.125 0.312 5.594 0.056 
0.25 0.782 7.594 0.103 
0.50 1.875 10.810 0.173 
0.75 2.810 12.012 0.234 
1.50 4.690 17.00 0.276 
0.75* 3.320 18.06 0.184 


* Tensile bar. 


Time to decompose carbide a hr 


at 1700 F at 1550 } 
found computed found computed 
1 ? 1.34 } < 6 555 
2 3 2.89 11 14 11.9 
4 6 5.23 19 21! 21.6 
6 8 7.53 71 <31 31.2 
g 10 9.16 35 11 38.0 
5 6 5.60 23.2 








TABLE 4.—COMPUTED ANNEALING TIME FOR MALLEABLE IRONS 












Volume, Area, 


ng Specimen cu. in sq. in. 





\ 0.1284 1.97 
Cc 8.0 32.1 
A 0.1284 1.97 
; 8.0 








y , Time for Annealing, hr 
- log _ 


A f found computed 
0653 1.186 
249 - .604 2 


0653 — 1,186 
604 


a 


19.9 


— 


4.96 
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TABLE 5.—NUMBER OF GRAINS LINEAL INCH aT 100 
DIAMETERS 























Section 
thickness log a at 100X 
in. 
0.125 — 1.254 5.37 
0.25 —0.987 4.52 
0.50 —0.762 3.06 
0.75 —0.632 2.44 
1.50 —0.560 2.02 
g , : 
¥ 2 J 
d 
T 
0 | | 1 pi L 
. } 1.2 ik 1.0 9 a 7 6 5 


Fig. 7—Relationship between grain size and cooling 
rate. 


in. The average number of crystals per inch, N, as 

photographed, were compared with the cooling rates 
V 

as measured by log 4 and are given in Table V. The 


grain size, as the term is generally used, is expressed as 
1 . . , 
~;- Greater accuracy in measurement is possible when 


the grains are small so that the most weight should be 
given to the values obtained in the smaller sections. 
These data are presented graphically in Figure 7 which 
shows good correlation between cooling rate and num- 
ber of crystals per inch formed during solidification. 
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DISCUSSION 


Chairman: V. A. Crossy, Climax Molybdenum Co., Detroit 

Co-Chairman: M. TiLtey, National Malleable & Steel Castings 
Co., Cleveland. 

J. E. REHDER! (written discussion): This paper is a valuable 
contribution to the metallurgy of malleable iron, and the authors 
are to be congratulated. It would now appear to be possib\ 
to compare work performed by investigators on test pieces of 
different shapes and sizes. The conclusions arrived at by the 
authors are so important that it is hoped that they and others 
will extend the work to put it on the soundest possible basis 
Repeating of the work, using separate test pieces of various sizes 
to eliminate possible uncertainties due to the end effects of the 
sections of a stepped bar, would be of value. 

In Fig. 7 is shown a relationship between size of the whit 
iron casting and cooling rate. It would be of interest to know 
the nodule count per square millimeter of each of the annealed 
samples, if such were determined, in order to see if the relation 
ship follows through as might be expected. In Table 3, values 
for the volumes of the various sections do not seem self- 
consistent. It would be appreciated if the details of calculation 
of the volumes of the sections could be given. 

In the calculation of annealing times from Boeghold’s data, 
it is noted that the value of “C” in the equation 


log © = 12 log 4 € 


is 2.025 for “rapid” heating and 1.423 for “slow” heating. Th« 
effect of decreasing heating rate to soaking temperature would 
then appear to be similar to the effect of higher soaking 
temperature. 

Any elaboration of this subject by the authors would be 
appreciated. 

Dr. SCHNEIDEWIND: We started making nodule counts but 
difficulties are very great. It would require many samples and 
statistical methods to report the results. 

There is a relationship, using everything else constant, between 
the grain size and nodule count, but the nodule count can be 
altered by the rate of heating. It can be altered by many othe 
things. 

If the results of chemical analyses for combined and graphitic 
carbon are correlated to show the rate of decomposition under 
a certain set of conditions, this rate may be expressed by the 
expression 
Total Gecompomnble caphide = (K) (Tim 

Carbide remaining 

If only temperature of annealing is altered, the change in 

the constant, K, may be determined by the expression 
log K = an +b 
RT 
where AHa = heat of activation 
R = gas constant 
T = absolute temperature 
b = constant 

If irons of other silicon contents, superheat temperatures, cat 
bon contents, or other conditions of composition or method of 
manufacture are used, the behavior during isothermal anneal: 
ing at different temperatures will follow the above equation 
but the constant, b, changes. Insufficient data are available 
express the relationship quantitatively between annealing 
and all these variables. 

G. M. Guiter:? We have been making combined carbon ¢ 


log 


rale 


o 


1 Bureau of Mines, Ottawa, Canada. 
2 National Malleable & Steel Castings Co., Cleveland. 
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minations in graphitized material in the last year or two by 
method worked out at Battelle where it is determined 

ectly. 

Some years ago we were led to believe that commercial mal 
le iron combined carbon as low as 0.05 or 0.10 per cent 
we determined it then by the uncertain method of color 
on comparison. In determining these combined carbons 
this Battelle method in high grade malleable iron we found 
the combined carbon runs from say 0.12 to 0.30 per cent 
extreme cases. My co-worker Reidar Eriksen, has examined 

of these under the microscope and we made the rather 
tounding discovery that the combined carbon gets to 0.17 or 

18 per cent before you observe anything under the microscope. 

e men who worked out this method at Battelle claim that 

phite is not soluble to any appreciable extent in this acid 

\tment. 

\fr. Renper: I have a photomicrograph of it. In looking at 

rs that are undergoing first stage graphitization, it is almost 

possible to avoid noticing that you can see undecomposed 
mary carbide protruding into graphite nodules. 

Furthermore, if you get the section just right, it is possible 
find sections where the graphite nodule has grown almost 

mind a piece of cementite. Apparently once it gets sur 

inded or partially surrounded with graphite, the cementite 
es not decompose further. In other words, some of the 
nealed bars do contain small particles of carbide. Those 
rticles of carbide are not in solid solution in the iron and 
uld indicate too high a figure for solid solubility. They 
uld not affect machinability because they apparently are loose 
the nodule. For the same reason I do not think they would 
ffect tensile properties. They certainly ‘would show up as com- 
ned carbon in an analysis, and the amounts quoted by Mr 
Guiler seem to be about the same as under the microscope. 

Remar ErIksEN:2 I agree with Mr. Rehder that primary car- 
e particles are found imbedded in graphite nodules now and 

n, but not often enough and not to such an extent as to 
yvarrant the high combined carbon found right along by Mr. 
Guiler in his chemical analysis. I thought that perhaps the 
irbides were submicroscopic in size and fairly evenly distributed 
n the ferrite matrix. 

Member: My experience in annealing malleable iron now has 
overed a period in excess of 45 years and so little was known 
f the actual reactions in the early period of my experience 
hat it is rather marvelous to see what is placed before us 
inder present day conditions, but I was very gla i to see the 
question of grain sizes brought out in the paper by Dr. Schneide 
wind, which I am sorry I have not had time to read. 

In the paper* presented at the A.F.A. convention in Colum- 
is, Ohio, in 1920 by Highriter, Davenport and Bean, the grain 
size effect upon graphitization was touched upon without, how- 
ver, a real explanation of the why and wherefore of the differ- 
ence in grain size. But in that paper micrographs of the tip 
and base of a standard malleable iron wedge shows the vast 
difference in grain size after graphitization after annealing of 
those two sections. 

Now of course, those were sections of the same casting. One 
section may have been influenced more by gating. The stand- 
ird malleable wedge is gated on the butt end, the 14-in. section. 
When the data for this paper was compiled, the theory advanced 
by the old time annealer was that it was necessary to place 
heavy-section castings in the hotter portion of the ovens because 
it took the heat longer to penetrate a heavy casting than it 
does a light casting. Actually, the conductivity of iron is much 
higher than the conductivity of the packing material, which 
in those days surrounded all castings, because there was nothing 
then annealed that was not placed in packing of one kind or 
nother. But actually grain size, it seems to me, is the deter- 
mining factor, grain size being largely determined by the volume 
rea 


By that formula, if you have a thin section casting it will be 


of small grain size, and if you have a heavy section casting it 


will be of large grain size, both in the white iron state and in 
> annealed state. 
Dr. SCHNEIDEWIND: When computing the ratio of volume to 
surface area, corrections were made for the gates. It is obvious 


* Fractures and Microstructures of American Malleable Cast Iron’’ by 
R. Bean, H. W. Highriter and E. S. Davenport, Transactions, Ameri- 
Foundrymen’s Association, vol. 29, p. 306 (1920). 
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that the value of the ratio lies in the fact that the volume is 
proportional to the number of Btu's which must be removed 
across a given area. Certainly heat will not be lost through the 
gate itself so that the cross sectional area of the gate must be 
subtracted. 

As for grain size, its effect may be due to one of the follow 
ing reasons or a combination of both. First, as Dr. Schwartz 
has stated, the area of contact between cementite and austenite 
is important. A coarse grain will have less carbide to austenite 
interface 

Secondly, a coarser grained iron has been cooled more slowly 
than a fine grained iron and hence the austenite prior to trans 
forming to pearlite will have had better opportunity to approach 
equilibrium and hence will have a lower carbon content than 
a rapidly cooled crystal which will be somewhat supersaturated 
A supersaturated austenite grain should tend to nucleate temper 
carbon more readily than a coarse grain which contains the 
equilibrium amount of carbon 

The important problem for the malleable foundryman is how 
to control nucleation. Too frequently nucleation rate and 
reaction rate are confused 

An interesting experiment was run in this connection on 
samples of a white iron. It was found that first stage graphitiza- 
tion was completed in 6, 20 and 40 hours at 1700, 1550, and 
1450° F. respectively. Specimens were heated one hour at 1700 
and then reheated at the above temperatures to complete first 
stage annealing. In this way the nucleation was completed dur- 
ing the 1700° F. heating and the graphite pattern was fixed 
Complete annealing took place as follows: 

1 hour (1700° F.) plus 5 hours (1700° F.), Total 6 hours 

1 hour (1700° F.) plus 8 hours (1550° F.), Total 9 hours 

| hour (1700° F.) plus 28 hours (1450° F.), Total 28 hours 

This test shows the great significance of the carbon count in 
annealing 

Mrmerr: You cannot complete the annealing at the higher 
temperature, can you, because graphitization of the pearlite is 
progressive as you come down to the lower temperature or else 
vou would have a residual cementite. First stage graphitization 
can be completed at higher temperatures and the lower tem- 
peratures are just as essential for perfect annealing 

Dr. SCHNFIDEWIND: One interesting experiment, although not 
of practical interest, may be of general interest. We heated to 
1700° F. for 6 hr. to complete first stage annealing and then 
we set the furnace at 1360° F. which I guessed would be in 
the three phase range and we held it one hour. The sample 
was practically entirely ferritic showing that first and second 
stage graphitization were completed. 

Memerr: The ones who collaborated with me vears ago did 
the same thing. There was one other thing I wanted to mention 
in that same paper, which was the result of the graphitization 
of a 3-in. square bar which was after annealing cut into 12 
one-inch square specimens. Now that 3-in. square by 6-in. long, 
half of the usual 8-in. square test piece, showed complete 
graphitization. It had a coarse structure, but it was annealed 
in the same heat treatment as castings 4,-in. thick, but obviously 
as was done in all cases, we had to set our annealing sights for 
the worst case and let the other conditions take care of them- 
selves. 

I think Dr. McMillan has done more than anybody else, or 
as much as anybody else in segregating his castings for different 
annealing cycles, and where the production is large and varied, 
that is probably a worth while practice. It is justified. It is 
difficult to get a segregation, but it can be done. 

Co-CHAIRMAN TILLEY: Twenty-five years ago, Dr. Schwartz 
delved into analysis of cementite and he found that some car 
bon migrated to the cementite as the temperature rose. Also, 
silicon increased as the temperature rose. That would mean 
you would have both the carbon effect on the graphitization 
rate plus the silicon effect and you would have more of it in 
the lighter section than you would in the heavier section. 

How do you figure that those two points affect this curve 
with relation to the size of the grains? 

Dr. SCHNEIDEWIND: I am not willing to hazard a guess yet on 
how and why nucleation occurs. I believe that silicon has been 
more or less ignored. We just accepted it that more silicon 
content meant quicker annealing but I do not think the mecha- 
nism has been properly worked out. 
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ISOTHERMAL TRANSFORMATION 


OF MOLYBDENUM 


CAST IRON 


Charles Nagler, Ph.D. * 


Ralph L. Dowdell, Ph.D. ** 


{1BSTRACT 
Isothermal heat treatment of eray and alloyed cast irons 


should result in improved mechanical properties. This treat 


ment should also permit more complicated castings to be heat 

treated because salt bath quenching is less drastic than oil or 
£ 

vater quenching 


The temperature for tsothermal transformation may be deter- 


mined by metallographic methods which are time consuming or 


CAsT IRON, an alloy of iron, carbon, and silicon, 
plus small amounts of manganese, sulphur, and phos- 
phorus and impurities is characterized by having high 
tensile strength, good hardenability, good damping 
properties, low impact toughness, and zero ductility as 
measured by per cent elongation. The isothermal 
method of heat treatment, when applied to small sec- 
tion sizes of steel, has resulted in increased impact 
toughness for the same tensile strength and hardness. 
The successful application of the isothermal method 
of heat treatment is dependent on accurately deter- 
mining the isothermal transformation curves for the 
steel. 

With numerous publications available, illustrating 
the isothermal transformation curves for steel, the iso- 
thermal methods of heat treatment, it was postulated 
that similar heat treatment may result in improvement 
of the physical properties of cast iron. Cast iron and 
steel are similar in some respects. The combined car- 
bon in cast iron is usually between 0.60 and 0.80 per 
cent, which compares favorably with the carbon con- 
tent of a medium high carbon steel. The remainder 
of the carbon in cast iron is present in the uncombined 
form known as flake graphite. Cast iron and steel re- 
act favorably to hardenability. 

The hardening heat treatment of steel or cast iron 
results in straining of the metal which increases the 
hardness. ‘The strain within the metal is caused by the 
volume change which takes place in quenching the 


* Formerly Instructor, Department of Metallography, now As- 
sociate Professor, Dept. of Chemical Engineering, Wayne Univer- 
sity, Detroit 

** Head, Department of Metallography, University of Min- 
nesota, Minneapolis. 


by a magnetic method which is rapid. Both methods corr 
guite well. 

; The molybdenum cast irons investigated did not ha 
simple typical “S” curve. They showed deep hardenabilit) 
the te mberature range 900 F to 1300 F indicating the possib 
of heat treating comparatively heavy sections. Hardenability 
determined by the end-quench type test correlated well 
determined ona one-inch round. 


results 


austenite, a gamma iron solid solution of carbon plus 
other elements, rapidly to a low temperature at which 
the alpha modification of iron exists. The volum¢ 
change that takes place on quenching at a rate equal 
to or faster than the critical cooling rate is sufficient!) 
drastic to often cause cracking. By the use of the iso 
thermal method of heat treatment it is possible to eas 
the transformation of austenite to martensite and still 
produce the desired hardness in the part without 
cracking. 

The temperature of isothermal transformation to 
be used in the heat treatment of steel or cast iron is 
determined from its isothermal transformation curves 
By metallographic methods the determination of iso- 
thermal transformation curves is tedious and long. By 
the magnetic method it is possible to determine the 
curves rapidly. 

The application of isothermal method of heat treat 
ment has been limited to low alloy steels in small se 
tion sizes. The austenitic transformation at any sub- 
critical temperature in cast iron is more sluggish than 
in steel and thus allows larger sections of cast iron to 
be heat treated in that manner. 

It is believed that the application of the isothern 
method of heat treatment to gray cast iron piston rings 
cylinder liners, brake drums, brake shoes, crank shalts, 
etc. would result in increased physical properties. 


Experimental Procedure 


Preparation of Cast Iron Transverse Test Bars f 
the Cupola Heat. The cast irons used in this iny 
gation were cast from a melt made in the 15 in. cupo!a 
in the Foundry Laboratory, Mechanical Engineering 
Department, University of Minnesota. Transvers¢ 
bars were poured according to the ASTM stand 
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1—Arrangement of austenite transformation equtp- 
ment. 


No. A 124-29 and allowed to cool in the mold ovet 
oht. The following morning the bars were shaken 
it and labeled as indicated in Table 1. 


’ 


Chemical Analysis of the Cast Irons. Th 


omposition of Heat Nos. 355, 356, 357, 358 and 359 


hemical 


were determined and in Table 2 are indicated the 
analyses of the cast irons. In the production of the 
cupola heats it was desired to keep carbon, silicon, man- 
sanese, phosphorus, and sulphur fairly constant and 
to vary only the molybdenum content. 

Physical Properties of the Cast Irons. The physical 
properties of the cast irons in the as-cast condition were 
determined on transverse bars from Heat Nos. 355, 356, 
57, 358, and 359. The transverse breaking load was 
determined on standard 1.2 in. arbitration bars broken 
on 18 in. centers. The deflection on the transverse 
loading was measured at a load of 1500 Ib. and at the 
transverse breaking load. Standard tensile specimens 
were prepared from arbitration bars, and their ulti- 
mate breaking load was determined. Hardness tests 
were made on samples cut from the threaded ends ot 
broken tensile bars. Four samples were used from 
each heat in order to arrive at an average set of phys- 
ical values for the heats. In Table 3 the physical prop- 
erties as determined for each of the irons are tabulated 


TABLE 1.—LABELING OF TRANSVERSE BARS 








and an average value shown for each of the mechanical 
properties measured. 

Preparation of Specime ns from thre Cast Trans: erse 
Bars. The sand cast 1.2-in. bars 21 in. long were ma 
chined into samples 1g in. in thickness and 1 in 
square. The samples were then drilled with a small 
hole on the 14-in. by 14-in. face and a length of chromel 
wire fitted into the hole which served as a specimen 
holder. ‘The chromel specimen holder being austenitic 
and non-magnetic underwent no phase change when 
heated or cooled and for that reason did not influence 
the permeability values as measured on each specimen 
in the form of ammeter readings in the magnetic trans 
formation furnace. 


Description of Apparatus 


Arrangement of equipment used in determining 
austenite transformation rates in cast iron by the mag- 
netic method is shown in Fig. 1. The apparatus used 
was developed in 1938 for a study of the effect of nor- 
mal and alloying elements on rate of austenite trans- 
formation in cast iron at sub-critical temperatures. 

A complete description of the apparatus appeared 
in the publication of Nagler and Wood. The appa- 
ratus used in this investigation was constructed simi- 
larly to the one described in the paper, with added 
improvements to facilitate the gathering of data. 

Ihe preheat furnace was of the electrical resistance 
type and contained a small nickel crucible two inches 
in diameter and two inches in depth. The crucible 


was filled with a carburizing material, and the speci- 


1g 
mens were placed in the media to prevent decarburiza- 
tion during preheating and prior to the austenite trans- 
formation determination. The controller thermo- 
couple and the checking thermocouple were placed in 
the nickel crucible, an arrangement which allowed for 
a temperature variation of + 5 F. 

The salt bath transformation quenching furnace 
was of the automatically controlled electrical resistance 
type and contained a steel crucible 5 in. in diamete1 

300 F and 
e0r 


melting at $325 F was used as a quenching media. Above 


and 9 in. high. A fused salt, stable up to 


1200 F the salt attacked the crucible and became con- 
taminated with iron oxide. To eliminate this difh- 
culty it was necessary to use a rectifier salt to settle out 
the oxide. When the oxide was scraped off the bottom 
and sides of the crucible, the salt was again useable at 

















lap No Sample No any desired temperature. 
4 355 Figure 2 shows a cross section of the magnetic trans 
10 356 formation furnace having the primary pole fixed and 
1 357 the secondary pole moveable. A spring arrangement 
12 358 - ' — 
- on was placed on the end of the secondary pole, outside of 
: 38 ‘ 
the furnace, which assured good contact between the 
TABLE 2.—CHEMICAL COMPOSITION OF SPECIAL CAST IRONS 
Sample Carbon 
Number Total Graphitic Combined Si Mn P S Mo 
355 3.14 2.49 0.65 2.15 0.81 0.219 0.064 0.000 
356 3.12 2.37 0.75 1.91 0.76 0.210 0.068 0.086 
357 3.04 2.33 0.71 1.83 0.72 0.212 0.072 0.149 
358 3.00 2.18 0.82 1.85 0.73 0.216 0.072 0.249 
359 2.93 2.12 0.81 1.89 0.74 0.218 0.062 0.513 
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Fig. 2—Detail drawing of transformation furnace. 


poles and the specimen. The primary coil contained 
2200 turns of No. 22 copper enameled magnet wire 
and was connected across a 110 volt line. The resist- 
ance of the primary coil was 14 ohms, and a current of 
7.8 amperes was found to flow in the circuit at room 
temperature. 

The primary coil and secondary coil were water 
cooled to prevent breakdown of the insulation due to 
furnace radiations. The secondary coil was wound 
with 120 turns of No. 18 copper enameled magnet wire, 
and had a resistance of 1 ohm. With the faces of the 
poles of the austenite transformer together with the 
furnace at room temperature, and with 110 volts across 
the primary circuit, 500 milliamperes was found to be 
flowing in the secondary circuit. 

The voltage produced in the secondary coil was 
equal to 6.4. With an air gap of 14 in. between the 
poles of the transformer, at room temperature, 260 mil- 
liamperes was found to flow in the secondary circuit. 
As the temperature of the furnace increased, the cur- 
rent in the secondary circuit also increased. 


Grain and Graphite Flake Size 


Numerous heat treatments, as suggested in the litera- 
ture, were carried out to reveal the austenic grain sizes 
of the cast irons. None of the tests tried gave satisfac- 
tory results, and the decision was made to compare the 
cast irons on the basis of fracture tests. 

The transverse bars were fractured 2 in. from the 
bottom of each bar and a comparison of the fracture 
grain size since, as Fig. 3 shows, there was no visual 
difference in the fractures of the bars, the assumption 
was made that the cast irons were approximately of the 
same grain size. 

The graphite flake size and graphite pattern were 
determined for each of the cast irons investigated. 
Samples adjacent to the end of the bar from which 
the fracture specimens were taken and polished, etched, 
and photographed at 100 magnifications (upper part 
Fig. 4) and were used in the determination of the 
graphite flake pattern and graphite flake size. The 
A.F.A.—ASTM Graphite Flake size and distribution 
chart appended in the A.F.A. Cast MeTats HANDBOOK 
was used in studying and classifying the graphite flakes 
in each of the cast iron. See Table 4. 
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Taste 3.—PHYSICAL PROPERTIES OF 
TRANSVERSE Test Bars 





Deflection at 


Transverse —— ——— een 
Heat Breaking Breaking Strength Hard 
Number Load, Lb. 1500 Lb. Load PSI. R¢ 
355 2650 0.13 0.32 39,060 19 
2546 0.13 0.30 28,740 19 
2935 0.13 0.32 38,220 20 
2940 0.13 0.31 20 
Aver. 2773 0.13 0.31 35,340 20 
356 3009 0.12 33 40,360 15 
2926 0.12 0.28 42,560 15 
2859 0.12 0.29 41,100 14 
3009 0.12 0.32 15 
Aver 2951 0.12 0.30 41,005 15 
357 2872 0.12 0.31 41,900 19 
3135 0.12 0.31 42,440 19 
2821 0.13 0.30 39,320 19 
3225 0.11 0.31 19 
Aver. 3013 0.12 0.31 41,220 19 
358 2788 0.12 0.27 43,880 20 
3142 0.11 0.27 46,660 19 
3390 0.11 0.30 47,260 20 
3302 0.11 0.29 19 
Aver 3206 0.11 0.28 45,900 20 
359 3665 0.11 0.27 47,980 24 
3400 0.12 0.32 45,260 25 
3361 0.13 0.33 45,400 24 
4000 0.11 0.30 25 
Aver 3607 0.11 0.30 46,213 25 
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Hardenability of Cast Irons. The hardenability of 
the cast irons used in this investigation was determined 
by two different methods. The first method used was 
to make hardness determinations across the face of 
the specimen, and the second method was similar to 
ASTM Spec. A255-45T, End-Quench Test for Hard 
enability of Steel.? In the first method, samples from 
each heat, one inch in diameter and one inch long, 
were packed in carburizing compound, heated to 1600 
F, and held at that temperature for one hr. and then 
quenched in water. 

The samples were then sectioned into two parts with 
a cut-off wheel and hardness determinations made 
every ;; in. (Table 5) across the diameter. In Fig. 
5, the hardness is plotted, as determined on a quenched 
specimen across the face vs. dimension. In all cases, the 
cast irons were found to be deep hardening. There 
was little difference between the average Rockwell °C” 
hardness of each of the hardened cast irons. 


From each heat, end-quenched. (Jominy) harden- 


ability test specimens 3 in. long and one inch in diam 
eter were machined from the cast transverse bars 
The hardenability samples were packed in carburizing 
compound, heated to 1600 F, and held at temperatur: 


Fig. 3—Fractures of cast trons. Reduced appr. \/ 
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Tasie 4.—RATING oF CAsT IRONS ON BASIS OF FLAKE 
SIZE AND FLAKE TYPE 





Sample Graphite Flake Graphite 
Number Size Number Flake Type 
355 5+ A++4 
356 5+ Pe 
357 5+ A+++ 
358 6++ eo et 
359 6++ A+ + 

+ lf to 4-in. flake length at 100X. 
+-+ to 4-in. flake length at 100X. 
+++ Uniform distribution and random orientation. 





for one hour. The samples were removed rapidly from 
the furnace and placed in a quenching jig, according to 
A.S.T.M. Specification A255-45T, End-Quenched Test 
for Hardenability of Steel which was so arranged that 
the bottom of the specimen was the only part quenched. 

The water was sprayed continuously on the bottom 
of the specimen for 15 min., thus allowing the whole 
bar to cool below the lower critical. Following this, 
the bar was water quenched. The sample was ground 
flat along the 3-in. length to a depth of 0.015 in. and 
Rockwell “C’’ determinations were taken at stations 
l% in. apart from the water cooled end to the air cooled 
end. ‘Typical hardness data, as determined on one of 
the samples, were plotted versus length as shown in 
Fig. 5. 

The cast iron from Heat No. 359 showed a tendency 
to be somewhat deep hardening in heavy sections as 
indicated by the air cooled end of the bar having a 
Rockwell “C” hardness of 41, and the quenched end 


HARDENABILITY TESTS 
HEAT NO. 355 
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Fig. 5—Results of hardenability tests. 
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a hardness of 56. To show the usefulness of this hay 
enability test, in Table 6 are recorded Rockwell “‘¢ 
hardness values as determined on samples from ea: 
heat at the stations indicated. At station 16 can 
read an indication of the hardness at the center of 
4-in. section of cast iron, from each of the heats, aft 
holding the specimens at 1600 F for one hour a: 
quenching in water. 

This method can be used in predicting the depth of 
hardening at the center of the specimen, which can b: 
produced in quenching faster than the critical cooling 
rate any section size up to 6 in. The end-quench test 
for steel as applied to cast iron for study of harden 
ability works very well and can be used to indicate the 
maximum hardenability which can be produced at 
any section size up to 6 in. in one specimen. This 
allows the hardenability to be determined for a variety 
of section sizes on only one specimen. 

Determining Isothermal Transformation Data 

The sample studied isothermally was preheated 38 
min. at 1600 F, 8 min. of which was required for the 
specimen to come up to the furnace temperature. The 
8-min. preheat time was determined by inserting a 
thermocouple in the specimen and following the heat- 
ing rate from room temperature up to 1600 F. 

All specimens were preheated in a small nickel cru- 
cible which contained a mixture of 60 mesh char- 
coal and carburizing compound for the purpose of 
preventing any decarburization from taking place 
during solution of the carbides in the cast iron at the 
elevated temperature. The hot powdered carbonace- 
ous material resulted in rapid heat transfer to the cast 
iron specimen and allowed samples to come to the solu- 
tion temperature in 8 min. 

At the end of the solution time, the sample was rap- 
idly removed from the preheat furnace and quenched 
in the salt bath situated below the transformation 
furnace. The sample was held in the salt bath for 3 sec 
to bring the specimen temperature from 1600 F down 
to the desired transformation temperature. 

A holding time of 3 sec. in the salt bath was found 
to be sufficiently long to bring a 14 x 4 x 1%-in. cast 
iron specimen containing a thermocouple from the so- 
lution temperature of 1600 F to the transformation 
temperature of 400 F. This being the lowest quench- 
ing temperature, it was, therefore, assumed that it 
would take less time to quench a specimen of similar 
size from 1600 F to any temperature above 400 F. A 3- 
sec. holding time in the salt bath was used for each ot 
the samples on which isothermal transformation studies 
at any temperature were carried out. 


TABLE 5.—VARIATION IN HARDNESS AcROsSS DIAMETER 
OF ONE-INCH ROUNDS 





Hardness, Re, at Stations ' in. apart 


Sample 





No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
355 49 51 51 51 51 51 50 50 50 51 S51 51 Si Si 49 
356 46 50 50 50 50 49 49 49 49 49 50 50 50 50 46 
357. 47 50 51 51 51 51 51 51 51 51 51 Si S51 50 4 
358 49 51 51 51 51 50 50 50 50 50 51 S51 51 Si 49 
359 51 53 53 53 53 53 50 50 50 53 53 53 53 53 5! 
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TABLE 6.—VARIATION IN HARDNESS ALONG EDGE OF JOMINY TeEsT BAR STARTING AT QUENCHED END 








Sample 


Rockwell “‘C”? Hardness at Stations 4 in. apart 





| 
| 





No. 2 3 4 5 6 7 8 9 10 11 12 oH HB HB Bee eaeaAa a OB 
355 ns veperetHpmnptnHhneqg@g@s)staeaerFPesxss3dH3?isoxsSagiH BeBe BD 
356 43 48 48 47 43 40 37 34 #31 #29 #27 #%24 #%22 #20 19 #17 #16 #15 #14 #13 «£13 «£13 ~=«14 
357 47 52 53 52 S50 48 47 46 45 44 #43 42 41 #40 40 39 #38 #+%38 38 38 38 3 39 

5 50 50 50 50 50 50 49 48 47 46 45 44 42 40 38 36 34 32 29 27 25 24 25 
359 56 55 54 S54 53 52 52 Si Si 50 SO 49 48 48 47 46 45 44 43 43 42 41 = 41 
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At the end of the 3-sec. quench in the salt bath, the 


sample was drawn up into the transformation furnace 
which was situated directly above the salt bath and 
placed between the poles of the transformer. In all 
cases the transformation furnace was maintained at 
the same temperature as the salt bath, the temperatures 
of both salt bath and transformation furnace being 
automatically controlled within + 5 F. 


A foot switch was placed in the primary current cir- 


cuit so that as soon as the specimen had been placed 


between the poles of the transformer, the current could 
be made to flow. This arrangement made it possible 
to take data as soon as the specimen was placed be- 
tween the poles of the transformer. 

To follow the progress of the austenite transforma- 
tion milliameter readings were taken every 10 sec. until 
the reaction was completed. This was indicated by a 
series of constant ammeter readings lasting over a pe- 


riod of 5 min. 


100 
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370 


360 
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wo 
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Fig. 6—Isothermal transformation curve for Heat No. 
357 at 500° F. 


Proof of the Validity of the Magnetic Method for 
Determination of Austenite Transformation Rates at 
Subcritical Temperatures. The magnetic method for 
determining the isothermal transformation rate of aus. 
tenite in cast iron at subcritical temperatures was 
checked at 500 F and 1000 F. Twenty samples 14 x 1/ x 
1% in. from Heat No. 357, were mounted on chrome] 
wire hangers and were used in securing the metallo- 
graphic proof of austenite transformation at the sub- 
critical temperatures. Ten of the samples were iso- 
thermally transformed from 1600 F to 500 F for vary- 
ing lengths of time from 0.5 min. to 30 min. . 

Each sample was placed in the graphite-containing 
nickel crucible of the preheat furnace and held at 1600 
F for 38 min. The samples were then rapidly quenched 
from the preheat furnace into the salt bath furnace at 
500 F for varying lengths of time (Table 7). 

The samples were completely polished and etched 
and were examined metallographically. The amount 
of transformation which had taken place in each speci- 
men was estimated visually. Also included in Table 7 
are data showing the completeness of transformation 
at each time interval as calculated from the magnetic 
determinations of austenite transformation at 500 F 
on a sample from Heat No. 357, using the same solu- 
tion temperature and time. 

Figure 6 shows the transformation curve for a sample 
from Heat No. 357 isothermally transformed at 500 F. 
The vertical axis is in terms of milliameter readings or 
per cent austenite, and the horizontal axis is in time 
increments. In comparing the per cent of austenite 
transformation at 500 F as determined metallographi- 
cally with the transformation as determined magnet- 
ically, the agreement is good. 

The photomicrographs in Fig. 7 show the amount 
of transformation which had taken place at each time 


TABLE 7.—COMPARISON OF ESTIMATED AND CALCULATED 
Per CENTS OF TRANSFORMATIONS AT 500 F 





Austenite Transformation 








Sample Timein Salt Hardness, Estimated Calculated 
Number’ Bath, Min. Rockwell“C” Per Cent Per Cent 
A 0.5 52 0 0 
B 1.0 52 1 3.5 
Cc 2.0 51 5 4.1 
D 4.0 50 10 2 
E 8.0 49 40 36.0 
F 12.0 49 60 70.1 
G 16.0 48 70 85.7 
H 20.0 47 80 93.9 
J 25.0 46 90 98.0 
K 30.0 46 99.5 99.5 


Solution temperature 1600F. Solution time 38 min 
Salt bath temperature 300F. 
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TABLE 8.—COMPARISON OF ESTIMATED AND CALCULATED 
Per CENTS OF TRANSFORMATION AT 1000 F 





Austenite Transformation 





Sample Timein Salt Hardness, Estimated Calculated 


Number Bath, Min. Rockwell‘C” Per Cent Per Cent 
A 0.5 46 15 7.7 
B 1.0 45 30 32.4 
Cc 2.0 43 60 68.2 
D 3.0 39 80 82.6 
i 4.0 35 90 90.3 
I 5.0 31 95 94.9 
G 6.0 28 98 98.2 
H 8.0 26 99.5 99.5 
J 10.0 26 99.5 99.5 
K 12.0 26 99.5 99.5 


Solution temperature 1600F. Solution time 38 min 
Salt bath temperature 1000F. 





interval. The photomicrographs show the mechanism 
of the black needle phase ejection from the solid solu- 
tion austenite. Before water quenching the specimen 
from 500 F, at which temperature isothermal transfor- 
mation from 1600 F is incomplete, the phases present 
are austenite plus the black needle phase of acicular 
troostite. 

On water quenching from 500 F the austenite forms 
martensite, but the acicular needles remain unchanged. 
The black needles appear to come out along the 60° 
and 120° planes typical of white martensite. ‘The trans- 
formations tend to start at the edge of the graphite 
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Fig. 9—Isothermal transformation curve for Heat No. 
357 at 1000° F. 


PER CENT TRANSFORMED 


ISOTHERMAL TRANSFORMATION OF Cast | 


flakes, which, in all probability, are the grain bou 
aries of the original austenite grain formed on 
freezing of the cast iron from the melt. 

Ihe completeness of transformations was che 
by hardness determinations on partially transfor; 
samples from Heat No. 357. The sample which 
quenched in water after being isothermally transfor 
from 1600 F for 0.5 min. at 500 F had a Rockwell ‘« 
hardness of 52, whereas a sample transformed u: 
the same conditions for 30 min. at 500 F had a h 
ness on the same scale of 46 (Table 7). 

Ten samples of cast iron from Heat No. 357 \ 
used in checking the isothermal transformation 
of cast iron metallographically at 1000 F. From 
austenizing temperature of 1600 F the samples w: 
isothermally transformed in a salt bath at 1000 F trom 
0.5 min. to 12 min. The samples were then polished 
and etched, and their microstructures reproduced 
photomicrographs, “A” through “K”’ in Fig. 8. T! 
product of transformation of austenite at 1000 F ap 
pears to be acicular ferrite and a nodular black et« hing 
constituent which resembles primary troostite. 

Primary troostite is the structure which is ordinarily 
produced when the quenching rate is slightly slower 
than the critical cooling rate and generally appears in 
the original austenite grain boundary. The product 
formed at the critical cooling rate is martensite, which 
consists essentially of white needles 60° and 120° to 
each other. The formation of the transformation 
product is clearly shown in photographs numbered “A” 
through “K,” Fig. 8. Photograph “A” shows the pres- 
ence of acicular ferrite, but as the transformation ap- 
proaches completion more and more of the black etch- 
ing constituent appears. 

A sample 4 x 4 x | in. from Heat No. 357 was 
used in determining magnetically the rate of austenit 
transformation at 1000 F. The data, plotted in Fig. 
9, show a characteristic isothermal transformation 
curve. From the curve it is evident that the reaction 
is complete in 8 min. 

This is further evidenced by Fig. 8 (photographs 
“A” through“K’”). On further examination of Fig. 


TABLE 9.—SAMPLE CALCULATION 





Sample Number 357 — Temperature 500 F 


I; = 425 
Ig = 278 
Ao = 147 
K€ =Log Ao/Ae 
8 Ig Ao Ao/A@ A, % Log Ao/A@ @ in sé 
1 282 143 1.03 97.2 .01284 .000214 
2 283 142 1.035 96.5 .01494 .0001247 
3 284 141 1.04 95.9 .01703 .0000947 
4 287 138 1.065 93.8 .02735 0001135 
5 295 130 1.13 88.5 .05308 .00017: 
6 306 119 1.24 81.0 .09342 .000259 
7 318 107 1.37 72.7 .13672 0003255 
8 331 94 1.57 64.0 .19590 .000405 
9 344 $1 1.82 55.0 .26007 00048 2 
10 360 65 2.26 44.1 35411 .00059 1 
12 381 +4 3.34 29.9 .52375 .0007 25 
14 395 30 4.90 20.4 .69020 .0008 2 
16 404 21 7.00 14.3 .84510 .0O088U 
18 411 14 10.50 9.5 1.02119 .000945 
20 416 9 16.50 6.1 1.21748 001015 
25 424 1 147.0 0.68 2.16732 .00144 


30 425 «+O 
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TRANSFORMATION AS DETERMINED BY EXTRAPOLATION 
















lime Mi for Beginni ng and End of Isothermal Transf i 
Heat No. 355 Heat N 35¢ Heat No. 357 Heat N +8 Heat No. 359 
mati 
ture, “I 0.50% 99.5‘ 0.50° 99.5! 0.50% 99.5% 0.50% 99.0 0.50% 0 5 
100 9.0 168 6.1 00 46 80 0 9? 05 11 170 
500 zea 37.5 3.2 27.0 2 34.0 3.2 34.0 0 37.0 
OO 96 7.9 1.5 9.2 e. 10.5 1.1 12.0 1.6 11.5 
700 30 21.0 ?1 18.1 28 15.0 7() 16.2 18 19¢ 
S00 74 9.8 $1 94 5? 11.0 10 11.5 1.25 iso 
OO) 10 20.0 11 Utne 1 so 13 i 0) 28 ik oO 
O00 9? 47 17 76 20 10.8 oO 11 17 31.0 
100 $5 1.5 OY 64 > 2.8 10) ] 65 $900 
200 24 1.0 15 10 17 Re 135 x 58 1.95 
1300 4.5 11.6 10 20.5 38 98 36 R 4 33 11.1 
is evident that pictures “H,” “J,” and “K” are was assumed that there was sufficient accuracy in the 


indicating the 
| of the eighth minute. In Table 8 are tabulated 
irdness of the transformation product after each 


transformation to be complete at 


nterval. ‘The per cent of transformation was cal- 
from the magnetic transformation curve and 

ted from the photomicrographs 

referring to Fig. 8 it can be seen that there is 

usreement between the transformation data as 

The 


which 


lined magnetically and photographically. 
5 it tic method eliminated the human erro1 
erent in estimating the relative amounts of each 


tituent present, as was done when determining 
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Isothermal transformation curve for Heat No. 
357 at 500° F. 
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magnetic method to warrant its use in making a com- 
parative study of the austenite transformation rates of 
a number of molybdenum cast irons. 

Discussion of Data. 
rate was determined magnetically on samples ot cast 


The isothermal transformation 


$58 and 359 at tem- 
Lhe 


method used was as described under the heading of 


356, 357. 


iron from Heats Nos. 355, 
peratures from 400 F to 1300 F in 100 F intervals 
“Method of Determining Isothermal Transformation 
Data.” 

Average data taken on three samples from Heat No. 
357 isothermally transformed at 500 F will be used to 


illustrate the method used in treating the data and ar- 




















data for Heat No. 357 at 500° F. 








270 
ferring to Table 9, the first column labeled @ is time 
measured in minutes starting from the instant the 
specimen was quenched in the salt bath at 500 F from 
the solution temperature of 1600 F. 

The second column labeded I, contains the milli- 
ampere readings taken at each time @. Fig. 10 is a 
plot of 6 vs. Ig, the lowest millampere reading of 282 
indicating all austenite at the moment of quenching 
and the reading of 425 indicating all acicular troostite, 
the transformation product at 500 F (“K"—Fig. 7). 

Ihe transformation curve is similar to the curve 
that is characteristic of the unimolecular reaction tor 
liquids and gases. The assumption was made that pos- 
sibly the isothermal transformation of austenite fol- 
lowed a unimolecular reaction, which is characterized 
by having one reacting substance, in this case austenite, 
and the rate of its decomposition being proportional to 
the concentration at any moment. 

The mathematical expression for the reaction is 
stated as 


: dc Ke 
or = Ke 
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Fig. 12—Logarithmic probability plot of isothermal 
transformation data for Heat No. 357 at 500° F. 
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5—Austenite transformation curves at constant 
temperature for Heat No. 357. 





—dc . 
—— is the 
dt 


c is the concentration of austenite, 


at which the concentration of austenite decreases, 
| K is a constant dependent on grain size, composi- 
of austenite, dissolved or undissolved carbides, 


erature of reaction, and section size. Rearrang- 
1) 
, (9"/ dc , 
\=) — <P ——« K dt. 
c 
erating (2) 
(3) —In c = Kt + constant. 


It is evident that equation (3) is the equation for a 
straight line. For an unimolecular reaction a straight 
results when the logarithm of the concentration 
plotted versus time. 
In Table 9 are found the calculated values for the 
tio A,/Ag (concentration). These values are plot- 
versus the proper value of 6 as shown in Fig. 11. The 
indicates that the data between the 8th and the 
‘th minute fall on a straight line. This seems to indi- 
that the decomposition of austenite at subcritical 
perature may follow a first order reaction. 
tegrating expression (2) between the limits of 


tt, and c, at t, 
t, 
de 
as ae dt 
C . 
t, 






2) 


(4) - 


Expression (6) can be further simplified by making c, 
the concentration of austenite at the beginning when 
time is zero and ¢ the concentration at any time, ¢, as 


(7) Co 


he equation (7 
rithms as 
(8) c 


To further determine whether or not the data for 
the reaction studied fitted a first order reaction, the 
reaction constant K, at each time 6 was calculated and 
tabulated in Table 9. 
ation in the constant K, as calculated for each time @, 
a fact which is not consistent with first order reactions 

This was taken as a possible indication that the sub 
critical transformation of austenite did not fulfill all 
the requirements of a first order reaction. Reaction 
constants calculated on 
for gases and liquids are found to give values close to- 
gether, with a possible maximum variation of 5 per 


(5) —Ing- 
Simplifying expression (5) 


C, 

In - 
(6) K= Ce 
te — ty 


(—In C,) = K (t,— 14). 


K = In Cc. 


t ° 
may be rewritten in natural loga 


log — 
K= °« 


i 


t 


There was found a wide vari 


true unimolecular reactions 
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temperature for Heat No. 358. 
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272 ISOTHERMAL TRANSFORMATION OF Cast | 
Referring to Fig. 10, the part of the curve from “A” 
to “B” may be considered as the incubation period, 
or the time interval, which is necessary for the centers, 1400 |- 
or nuclei, of the reaction to take place, or to be formed. 
- . ° ° ° i300 |} 
This statement is further substantiated by referring 
to Fig. 7 where it can be seen that in the first 4 min, “— Lk 
very few black needles have been ejected from the solid 
solution of austenite. If the line in Fig. 10 were ex- 1100 
eT» 66g . “TY . 5 
tended from “B” “C” down to point “D,” the curve is 
found to be similar to that of a unimolecular reaction. wooo fF | 
The incubation period was from “A” to “B,” but the ¥ 
reaction did not really get under way until about the — 
sixth minute when many black-etching acicular 
’ ° . ep °a° 2 g00 LL. | 
needles appeared. This suggests the possibility that if ° | | 
all the centers for the reactions had been formed in- = [ 
stantaneously, the reaction might have followed the s | 
. “op «py «am» . ww 
line “D” “B” “C. $600 | | 
Austin and Rickett,® after an extensive study of the , 
kinetics of austenite decomposition at subcritical tem- 500 L 
peratures, suggested that transformation data be plot- 
ted on logarithmic probability paper. In making the see ~ 
- ; : ; ac AUSTENITE TRANSFORMATION 
plot, the abscissas were measured in logarithmic time AT CONSTANT TEMPERATURE 
> ardinates i +, CP stenite tr: — so |- MOLYBDENUM 0.000 HEAT WO. 355----=-—=——~ 
and the ordinates in per cé nt of austenite transformed. MOLYBDENUM 0.086 HEAT NO. 356 —-—— - 
Che authors had suggested this method for plotting the — pooth => tee tere AU ieee 
; oe by , ; ll - MOLYBDENUM O6813 HEAT NCQ 399 <"—"—~: 
data since it simplified the extrapolation in determin- 
ing the beginning and end points of the transforma- 100 
tion reaction. | | 
In Fig. 12 is a plot using the logarithmic probability o ae eee | I — 
method for treating transformation data at 500 F on a ' . 1 5 © 50 0 500 1000 
- y orn » TRANSFORMATION TIME IN SECONDS 
sample from Heat No. 357 between the 5th and the 
Fig. 18—Austenite transformation curves at constant 
[ | | | . 9 | temperature for five experimental heats. 
| | 
1400 | | ai a ; = 
| 20th minute. In all probability the data taken after 
sions the first minute are more accurate than those taken 
t e- + boo “IME RG ' t : ° 
‘. yor earlier. 
. eg a ; x 
1200 | ee hone AUSTENITE TRANSFORMATION | Considering the reaction at 500 F, the data deter- 
~ ‘ T j . . . : 
-. "area Tl mined were most accurate for true isothermal transfor- 
Noo | | —}— ——"~saune 4 CARBON 293 | mation, neglecting incubation, between the 5th and 
; ~~. onscce) ‘es ; ‘ NG, 3 
- — MANGA . ‘ ‘ » tes ‘ eee os 
a | ot PHOSPHORUS = -Oge | 20th minute. For that reason the line was extended in 
—# [7 8400 aa oon ] either direction and used in determining by extrapola- 
F ; tion at the beginning and end of the reaction. In this 
900 | +--+ ' } } s3ere— — , , os Te ° : a 
a y, method of plotting transformation data, the logarith- 
sco | h = a mic probability scale permits direct reading of the pe 
| - ' _ . . . . . 
; i _ cent of austenite transformation after a definite time 
| ww \ > rare 
5 700 é jarec |_| || interval. | 
= ~~ | Referring to Fig. 10, it would be difficult to state with 
§ #00 | oa rere + - any amount of accuracy when the reaction began or 
us | ° we : . ° . — 
ss . eo | when the transformation reaction ended since the 
500 ; a ‘s, ; . . . 
& t aapne— t curves are asymptotic to the beginning and end of re 
400 ‘. le, action lines “A” “D” and “E” “C.” 
; bo ——e | , > j 1 —“~e6e = ” . . . , 
| sok For the comparative study of the effect of molyb- 
| 300 denum on the transformation rate of austenite in cast 
iron, data from three previously mentioned types o! 
200 — ae Ses = = plots were used, namely, millamperes versus time, Log 
| | } | A,/Ag versus time, and logarithmic probability aus 
“e F a a tenite transformed versus time. 
| In all cases, the data used in determining the various 
° _— i L ° » ‘ 
| , P . anna : isothermal transformation rates were an average On 
j ! 5 60 100 600 1000 . i 
| TraneremaTen THE w GasemDe these different samples from the same heat isothermal] 
| transformed under identical conditions. 
Fig. 17—Austenite transformation curves at constant After the transformation data had been taken fo! 
| 


each set of three samples from each heat at each | 


temperature for Heat No. 359. 
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TABLE 11.—RocKELL “‘C”” HARDNESS OF TRANSFORMA- 
TION PRopuCTs AT VARIOUS TEMPERATURES 











Temper- Heat No. 

ature°F. 355 35602—ts«38ST7 358 359 

400 50 48 50 51 52 

560 44 43 46 46 48 

600 41 40 40 39 43 

700 32 30 30 31 37 

800 29 28 29 30 34 

900 26 26 25 29 32 

1000 32 25 26 28 34 

1100 29 29 29 29 31 

1200 25 22 25 24 24 

1300 10 8 10 11 12 
Each hardness value is an average of three hardness tests made on three 

different samples isothermally transformed for the same length of time at the 


same temperature 





perature of study and the transformation plots drawn, 
the beginning and end point of each transformation 
were determined. 

The logarithmic probability plot was used in extra- 
polation for an arbitrary determination of the begin- 
ning and end of austenite transformation. In all cases, 
the beginning point of each reaction was taken at 0.5 
per cent and the reaction considered to be completed 
at 99.5 per cent. 

In Table 10 are recorded the beginning and end 
point for each of the isothermal transformation reac- 
tions studied at 100 F intervals from 400 F to 1300 F. 
The data from Table 10 were plotted on a semi-log- 
arithmic scale and are shown in Figs. 13, 14, 15, 16 
and 17. 

The isothermal transformation curves as determined 
for the cast irons studied are different from any pub- 
lished to date in that they do not take the form of 
simple “S” curves, but are made up of a series of con- 
tinuous “‘S” curves. Fig. 19 contains a series of photo- 
micrographs taken at 1000 diameters of the typical 
transformation product at each temperature. The 
transformation product at a definite temperature (500 
F) was found to be the same for each of the heats 
studied, and for that reason only one photomicrograph 
showing representative microstructures for each tem- 
perature was included in making up Fig. 19. 

At 400 F the product of transformation as shown in 
“A,” Fig. 19 is made up of a series of black etch- 
ing needles which are termed acicular troostite. The 
products at 500 F and 600 F were also found to be aci- 
cular, but they had a tendency to become coarse as the 
temperature of transformation was increased from 400 
F to 600 F. 

In the product at 600 F (“C,” Fig. 19) there is 
some acicular ferrite also present in addition to the 
black needles. As the transformation temperature was 
increased from 600 F to 1000 F, the acicular ferrite 
plates became coarse and assumed a somewhat massive 
appearance. 

Photos “G,” “H,” “J,” and “K” of Fig. 19 show that 
the somewhat nodular back-etching constituent first 
appeared at 1000 F and that at 1100 F a lamellar form 
began to appear. As the transformation temperature 
was raised from 1100 to 1200 F the lamellar pearlite 
was more easily resolved at 1000 diameters and at 1300 
F a fully lamellar pearlite appeared as the transforma- 


HARONESS 


ROCKWELL 


ISOTHERMAL [TRANSFORMATION OF CAstT [pr 


tion product. 

The pearlite, formed at 1300 F, is coarse when « 
trasted with the pearlite that was ordinarily forn 
when the cast iron cooled slowly through the freezi 
range and down to room temperature. 

Hardness determinations were carried out on ea 
of the samples isothermally transformed. An avera 
value for each set of hardnesses measured is record 
in Table 11. In all cases five hardness determinatio 
were carried out on each sample isothermally tra: 
formed, and a numerical average taken as the rep: 
sentative hardness value. 

The hardness values recorded in Table 11 are 
average of three hardness values from three identica 
transformed samples of cast iron. The data in Table | 
is plotted in Figure 18. Each of the hardness curves 
characterized by having a dip at either 900 F or 1000 
F which can be explained by referring to the photo 
micrographs in Fig. 19. 

The hardness curves from Heats No. 355 and 359 
indicate that at 900 F the first minimum in hardness 
is reached, at 1000 F the hardness again increases, and 
then beginning with 1100 F and up to the critical tem- 
perature the hardness progressively decreases. The 
minimum hardness at 900 F is thought due to th 
formation of the coarse acicular ferrite which is the 
transformation product at that temperature. The in- 
crease in hardness which occurred at 1000 F is pre- 
sumably caused by the formation of the black-etching 
constituent which is thought to be an extremely fine 
carbide (“H,” Fig. 19). 

In studying hardness curves from Heats 356 and 358 
(Fig. 20), it is evident that the first minimum hard 
ness occurs at 1000 F. The hardness increases as the 
transformation temperature is raised 100 F and then 
a further increase in the transformation temperature 
up to the critical causes a lowering of the hardness of 
the transformation products. 
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Fig. 20—Rockwell C hardness of completed transforma 


tion products. 
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minimum hardness of the transformation prod- 
1000 F is thought due to the predominance of 
cicular ferrite and the small amount of the dark 
constituent. At 1100 F there appears to be 
of the dark etching constituent (primary troo 
than acicular ferrite, and theretore the hardness 
transformation product is higher than that of 
000 F product. 
decrease in hardness from 1100 F up to 1300 F 
sed by the carbides which form coarse wel] shaped 
of pearlite. When the carbide is in an extremely 
rm, the hardness is much higher than if the car- 
are arranged in well formed plates alternated 
ferrite as in pearlite. 
hardness curve from Heat No. 357 is somewhat 
nt from Heats No. 355 that the 
ness after the dip increases as the transformation 
rature is increased up to 1100 F and then de 


rf 


and 359 in 


s as the temperature of reaction is increased up 
OO F. 
explanation is much the same as in the case of 
ther heats and is dependent on the arrangement 
ie predominance of the acicular of the nodular 
ituent. The higher hardness at 1100 F over that 
1000 F hardness is explained possibly by the 
that the sample had the ideal distribution of the 
amount of acicular ferrite and the dark etching 
stituent which did not tend to revert to the lamel- 
rorm 
he dip in the hardness curve of the isothermal 
sformation product of cast irons in the alloyed 
unalloyed condition was previously shown by a 
ber of earlier investigators. 


igure 20 is a composite of all of the isothermal 
nsformation curves for the unalloyed and alloyed 


irons investigated. In discussing the effect of 


lybdenum on the rate of isothermal transformation 


of cast iron at temperatures from 400 F to 600 F 
iy be stated that the molybdenum tends to delay 
transformation somewhat, but to no appreciable 


tent. 
Ch 


first Oakley 
rle.* In their conclusion they stated “0.5 per cent 
iolybdenum has no great effect upon the reaction 


is point was suggested by and 


of this cast iron except at the lowest temperature 


lied.”” This conclusion was confirmed in this in- 


vation carried out on four molybdenum cast irons 


various compositions within the chemical range 


d by Oakley and Oesterle. 

er a temperature range of 900 F to 1300 F, the ad- 
n of increasing amounts of molybdenum slows 
the transformation rate of the austenite. In 
words, the alloy addition of molybdenum allows 
eep hardenability of thick-section sizes. 
nability is made possible by the fact that molyb- 
m tends to stabilize the austenite and allows the 
mn to be quenched to the hardening temperature 

any transformation takes place. 

comparing transformation curves, the most sig- 
int part to be considered is the portion of the 
which refers to the end of the reaction. In all 
the completion of reaction curves have the same 
ral shape. This tends to indicate that as the 


| 


Deep 





amount of molybdenum addition to the cast iron is 


increased, the transformation rate is slowed down. This 
is substantiated by the end of reaction curves being 
shifted to the (Fig. 20 


There is some variation in the appearance otf the be 


right 


ginning part of the transformation curves, but in most 
cases the variation is within a magnitude of about 20 
to 30 sec. This is not appreciable considering that the 
time for transformation is many times 20 or 30 sec., dis 


regarding the time necessary for transformation at 
1100 F 1200 F. 


transformation of austenite to its decomposition prod 


and At this temperature rang the 


uct proces ds rapidly 


Conclusions 
The addition of molybdenum in varying amounts up 
to 0.50 per cent in cast Iron has little, if any effect, upon 


rates 1! 


transtormation 
100 F to 700 F 


molybdenum in 


isothermal the temperature 


range from 


The 


up to 0.50 per cent does not increase hardenability 


addition of varying amounts 


the cast irons are isothermally transformed in 
ranges from 400 F to 700 F. 
The addition of molybdenum slows down the 


when 
temperature 
trans- 
formation rate in cast iron at temperatures from 700 F 
up to the lower critical 

The addition of molybdenum up to 0.50 per cent 
have effect on refinement of the grain 


does not any 


size of a Class B transverse bar as determined by frac- 
ture. 
Hardenability, as 


type test, correlates well with hardenability as deter 


determined by the end-quench 


mined on a one-inch round section by quenching 


Austenite transformation rates determined 


netically correlate quite we ll with the transformation 


mag 


rates as determined metallographically. 

Che product of transformation in molybdenum cast 
‘E,” Fig. 19). 
[he dip in the hardness versus transformation tem 


iron at 800 F is acicular ferrite | 


perature curves (Fig. 20) can be explained on the 
basis that the transformation product at 1000-1100 F is 
the 


softer than fine pearlite. 


a fine pearlite, acicular ferrite being relatively 


The isothermal transformation curve for cast iron 


is not the typical “S” curve as formerly postulated, but 


is a series of “S”’ curves as shown 
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possible, to produce a pearlitic structure from an initial marten 
sitic structure by isothermal heat treatment? 





Dr. NAGLER: In our studies, we did not attempt any tests of 
that type 

W. E. Jominy:2 The authors are to be congratulated on the 
work they did on cast iron. I was interested in the effect of 
combined carbon on hardenability and I wonder whether in 
addition to the readings made on the end-cooled bar, micro- 
structural examinations were included in the study Hardness 
readings as such do not mean too much if you do not know the 
carbon content of the steel. The percentage of martensite is 
rather the important thing in trying to determine how much 
hardenability you have. If you have an 0.80 per cent carbon 
steel, Rockwell C65 hardness is good but C40 is not. If vou 
have an 0.20 per cent carbon steel, Rockwell C40 is a good hard 


2) ( ! Det 
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ness. In the case of the 0.80 per cent carbon steel, C40 < 
sponds to less than 50 per cent martensite, while with the 
per cent carbon steel the same hardness indicates 95 per 
martensite. So it would seem to me that the hardenability 
cast iron would be determined a great deal by how much , 
bined carbon you have in the hardenability bars. I did not 
that in the figures and believe it would add something to 
value of the paper if we knew about the combined ca 
Dr. NAGLER Referring to Table 2, you will find com 
carbon content given for the cast irons used in the investigat 
Unfortunately, in going over the research, our prime int 
was to determine austenite transformation rates for the m« 
denum cast irons. As a side investigation some of the har 
ability tests were carried out. We did not run micros 
studies to determine the per cent of martensite present in 


bars hardened by the end quench test 


























INFLUENCE OF SELENIUM ON SULPHIDE INCLUSIONS 


AND DUCTILITY OF CAST STEEL 


By Albert P. Gagnebin, Metallurgist 
Research Laboratory 


The International Nickel Co.. Ine. 


Bayonne, N.J. 
1BSTRACT Extensive tests ir ind re heats s that 
n to refining the grain, selenium has the specifi ca s tum f l high yu ceils ra } 
alesce the intergranular s1 lphid s in low-oxide, wel PU T SUUU pst tens ¢ 1 melted ¢ 
t steel, and thereby to improve its ductility 1 demon electri in 1 of furnaces. ¢ 
his phenomenon under a variety of conditions, as well é l l er duct vas less likely to f ‘ 
for the mechanism of its occurrence, are discussed. A heat j au y (nar r me is } xida Vl ¢ 
yractice for cast steel utili ing selenium is proposed over é 1 it ile ad ide 1 i? 
s of the ladle addition of 0.08 ber cent calcium and 0.05 s and theref u S ? ent pr 4 
sclenitum of high quality cast stee 


[HE PROBLEM of obtaining globular, randomly 

persed sulphides in well-killed cast steels has been 
recognized for years. Low iron oxide contents which 
favor freedom from blowholes during solidification 
tend to promote thin, intergranular sulphides detri- 
ental to ductility. High iron oxide contents, on the 
other hand, promote globular, randomly dispersed sul- 
phides (a requirement for high ductility), but also 
increase the susceptibility to gassiness. Consequently, 
is difficult to produce sound, ductile cast steel not 


deoxidized in any special manner, because its quality is , 


partly dependent on the degree of oxidation at the time 
steel is poured. This factor cannot readily be deter- 
ined. 

Sims! has proposed the use of large quantities of 
aluminum to combine freedom from porosity with high 
ductility, while Gagnebin? has suggested a combination 
of calcium silicide and aluminum for the same purpose. 
Both methods, however, require proper melting tech- 
nique, including a vigorous boil to insure high quality 
steel. No deoxidation method yet proposed can con- 
sistently control the sulphide form in well-killed steel, 

gardless of the melting technique used to produce the 

eel. 

[his paper presents a new deoxidation procedure 
nvolving the use of selenium, which has been found to 
romote sulphide coalescence under a variety of condi- 

A demonstration of this phenomenon, the mech- 

inism of its occurrence, and tests of the proposed de- 

dation procedure in both laboratory and commercial 
ats, are discussed. 


Selenium Promotes Agglomeration 


{n effective demonstration of the influence of sele- 
im on the ductility and sulphide form of a high sul- 
ir, nickel-manganese steel, normalized and tem- 


pered is shown in Fig. 1. This heat was fractioned to 
show successively the influence of oxidation, aluminum 
deoxidation and selenium additions. 

Aluminum destroyed the globular sulphides and duc- 
tility of the oxidized state, while 0.05 per cent selenium 
partially coalesced the sulphides, and 0.15 per cent 
selenium fully agglomerated them and restored the 
original ductility. The effect of progressive additions of 
selenium on the mechanical properties of aluminum- 
killed steel containing a normal amount of sulphur is 


shown in Fig. 2 


Mechanism of Sulphide Agglomeration 


When selenium is added to steel, it appears to form 
manganese selenides which absorb the sulphides in the 
steel and then promote their rejection from solution 
before solidification is complete. The manganese or 
manganese-iron selenides are of medium gray color and 
appear to be miscible in all proportions with man- 
ganese sulphides, as no separation of the phases was 
noted. Figure 3 shows a typical manganese selenide- 
manganese sulphide inclusion in an aluminum-killed 
steel. The black angular constituent was absent in 
aluminum-free steel and therefore may be aluminum 
sulphide, since it varied directly with the amount of 
aluminum used for deoxidation. 

Evidence bearing on the temperature at which sul- 
phides were rejected from steel was developed by not- 
ing the sulphide location relative to the primary den- 
drite bodies and by heating steels to incipient melting 
to determine how much burning occurred before the 
sulphides disappe ared. Both examinations were con- 
ducted on specimens suspended in an induction coil in 
a location to provide a thermal gradient, and then 
heated until one end melted, thus providing all de- 
grees of overheating in a single specimen. 
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Fig. 1—The sulphide form and ductility in a Nickel- 
Manganese Cast Steel containing 0.07 per cent sulphur 
and fractioned to show the influence of various ladle 
additions. X500, unetched. Top, Left—Partly oxidized; 
reduction in area 45.0 per cent. Top, Right—0.06 per 
cent Aluminum added; reduction in area 16.0 per cent. 
Bottom, Left—0.06 per cent Aluminum and 0.05 Sele- 
nium added; reduction in area 15.0 per cent. Bottom, 
Right—0.06 per cent Aluminum and 0.15 Selenium 
added; reduction in area 47.0 per cent. 


‘TABLE |.—COMPARISON OF INFLUENCE OF SELENIUM 
ALONE VS. PARTIAL REPLACEMENT BY CALCIUM 
ON THE DUCTILITY OF CAST STEEL 





Nominal Composition: C Ni Mn _ Si S 
035 1.5 15 635 0.04 
Heat T reatment: | Normalized and Drawn. _ 





Yield Tens. 

Ladle Addition, Str. Ser., Red. in 

Percent 1000 1000 Elong., Area, 

Mark Al Ca* Se psi psi__percent percent 
12261C 0.06 — 0.08 61 88 27.7 52.2 
D 0.06 — 0.10 60 84 30.5 60.1 
12487A 0.06 — —- 67 90 21.0 34.7 
B 0.06 0.10 -- 65 94 23.0 44.3 
Cc 0.06 0.10 0.02 62 93 23.5 52.5 
12437B 0.06 — 0.02 66 91 20.0 34.1 


Cc 0.06 0.10 0.02 67 96 24.2 49.7 
12289 0.06 0.10 0.02 64 89 28.0 58.3 
*Added as CaSi. 





Microspecimens from longitudinal sections of two 
steels, representing a brittle steel with intergranular 
sulphides and a ductile steel with coarse, manganese 
selenide sulphides, are shown in Figs. 4 and 5. These 
specimens were etched with a copper chloride etchant* 
similar to Stead’s reagent in order to reveal the den- 
dritic pattern of solidification. 


*Dendritic etch developed by R. A. Flinn, 20 gr. CuCl,, 50 cc. 
12N HCl, 100 cc. C,H,OH, 250 cc. H,O 
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Fig. 2—The influence of Selenium on the mecha cal 
properties of Aluminum - Killed Nickel - Manganese 
Cast Steel. 
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Fig. 3—Complex Sulphide containing Selenium in Cast 
Steel finished with 0.12 per cent Aluminum, 0.10 per 
cent Selenium. X1000. 





In the steel of low ductility, the sulphides were 
located centrally in the inter-dendritic filling, and it 
was in this zone that melting was initiated. The den- 
dritic pattern of the selenium steel was not as sharply 
defined as that of the brittle steel, and the sulphides 
usually were found at the edge of the inter-dendritic 
filling adjoining a dendrite body. Melting in this steel 
also was initiated at the center zone of the inter-den- 
dritic filling, so that considerable melting occurred 


Fig. 4—Initiation and progression of burning in a 
Nickel-Manganese Cast Steel of low ductility contain- 
. ing intergranular Sulphides. X250. Dendritic etch. 
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TABLE 2.—DuctiLity oF CAst STEEL WITH TITANIUM 
AND ZIRCONIUM PARTIALLY REPLACING SELENIUM 





Nominal Composition: C Ni Mn _ Si S 
0.3 1.5 1.5 0.35 0.04 
Heat Treatment: Normalized and Drawn. 


Yield Tens. 


Ladle Addition, Ser., Ser., Red. in 
Percent 1000 1000 Elong. Area 

Mark Al _ Se Other _ psi psi percent percent 
12661 0.08 0.10 0.10Zr 69 91 22.5 37.2 
12560 0 0.03 0.10Zr 65 87 22.5 34.4 
12605A 0.08 -- 0.10 Ti 57 100 19.5 40.3 
B- 0.08 0.02 0.10 Ti 53 109 19.5 29.9 
12561 0 0.03 O.05 Ti 68 87 23.0 38.2 
12562 0 0.03 O10 Ti 72 96 20.5 33.5 





without affecting the sulphides containing selenium. 

Thus it appears that intergranular sulphides are re- 
jected from the last remaining liquid during the solidi- 
fication of steel and consequently weaken these already 
highly segregated zones. Selenium appears to associate 
with the sulphides and to promote their rejection from 
solution at a relatively early stage in solidification. 
Therefore, there is time for coalescence in the remain- 
ing liquid and opportunity for deposition in locations 
less damaging than the center of the highly segregated 
zones. 

It appeared from the tests that it was necessary to 





Fig. 5—Initiation and progression of burning in a 
Nickel-Manganese, Selenium-Containing Cast Steel of 
high ductility. X250. Dendritic etch. 
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TABLE 3.—INFLUENCE OF CALCIUM SELENIUM ON DUCTILITY OF A VARIETY OF INDUCTION MELTED CAstT STEEI 
0.02 Per CENT ALUMINUM 





COMPOSITIONS FINISHED WITH 








Heat Treat- Red ; 
ment, of Ladle Additions Yield Tens in Char ; 
Composition, percent (1 hr. each percent Str., Str., Elong., Area, V¢ 
: - _ 1000 1000 per per N 
Type & Ni Mn Si Mo Cr V Ti Air Cool) Al Ca oe psi psi cent cent ft 
Carbon 0.3 0.75 0.35 1650-1200 0.02 49 72 «621.5 29.2 
0.3 0.75 0.35 0.02 9.05 0.03 49 73 30.0 50.0 j 
Nickel Manganes« Oe ee S. 035 1600-1200 0.02 66 93 18.5 28.5 ] 
OS 15 4.3 0.35 0.02 0.05 0.03 67 93 27.5 500 28 
Nickel Molybdenum. 0.3 1.7. 0.75 0.35 0.25 1600-1200 0.02 68 55 18.5 26.8 21 
03 17 075 0.35 0.25 0.02 0.05 0.03 62 87 8626.5 52.5 3 
Nickel Chromium 0.35 1.5 0.75 0.35 0.75 1600-1200 0.02 Ee RR © > 3 
0.35 1.5 0.75 0.35 0.75 0.02 0.05 0.03 71 100 23.0 48.5 36 
Nickel Vanadium 0.3 1.5 0.75 0.35 0.10 1600-1200 0.02 73 88 17.5 24.1 I 
O63 2153 675 0.35 0.10 0.02 0.05 0.03 70 86 29.5 53.9 1s 
Nickel Silicon 0.22 1.5 09 4 1675-1000 0.02 67 88 25.0 36.4 
0.22 15 09 ?. 0.02 0.05 0.03 64 SS 28.0 51.4 
Manganese Titanium 0.3 1.6 0.35 0.1 1600-1200 67 O4 19.0 32.5 - 
03 6 035 0.1 0.05 0.03 66 93 22.0 36.9 


Not! S and P ranged from 0.03-0.04 percent 





"ABLE 4.—THE INFLUENCE OF CALCIUM SELENIUM DEOXIDATION ON THE DUCTILITY 
oF NICKEL MANGANESE Direct ARC FURNACE CAstT STEFI 


Heat Treatment—Normalized and Drawn 




















Ladle Additions \ it ld Tens 
Composition, percent percent Str... Str, Red 
1000 1000 Elong Are 
Mark be Ni Mn Si S P Al Ca Se psi psi percent perc: 
13212B 0.22 1.39 1.40 0.23 0.035 0.06 0.04 70 7 25.0 39 4 
13212A 0.02 0.07 0.04 72 90 27.2 51.4 
13223-1 0.24 1.24 1.01 0.38 0.044 0.035 0.025 65 86 2? 5 20) 
13223-10 0.02 0.10 61 92 29.0 50) 
13223-14 0.08 0.04 61 84 30.5 SQ i 
13202-A 0.30 Lae 1.35 0.25 0.025 66 91 22.0 36.0 
13202-B 0.025 0.05 0.03 69 94 95.5 S14 : 
TABLE 5.—INFLUENCE OF LADLE ADDITIONS ON MECHANICAL PROPERTIES ( 
oF Cast STEELS IN HEAvy SEcTIONS* 
Yield Tens. Red. Char] 
Composition, percent Str.. Str., in \ 
Ladle Additions, 1000 1000 Elong., Area, Not 
Cype c Ni Mn Si P S V percent psi psi percent percent ft 
Nickel Manganese 0.33 1.53 1.52 0.41 0.03T 0.03+ None : 56 90 12.5 17.4 14 F 
0.29 1.52 1.45 0.33 0.033 0.026 Heavily Oxidized 56 84 24.5 37.9 34 o 
| 0.30 1.52 1.48 0.32 0.035F 0.025t Gite... 59 86 23.7 40.0 L 
0.3 1.5+ 1.5+ 0.35+ 0.03+ 0.025+ 0.2Se 58 87 21.0 32 5 Me 
0.3+ 15+ 1.5+ 0.35+ 0.03+ 0.025+ 0.1Ca, 0.1Se 57 86 25.0 43.7 3 a 
0.3t 1.57 1.5+ 0.35+ 0.03F 0.025¢ 0 OOAI. 64 72 4.5 7.4 l < 
0.06Al, 0.1Ca 66 84 9.7 14.5 19 “ 
0.06Al, 0.1Se.. 67 87 22.0 30.9 $1 = 
Nickel Silicon.... 0.2t 1.5f 0.7+ 1.3T 0.03t 0.025+ None... ; 57 90 9.0 i 
0.2t 1.5t 0.7T 1.3f 0.03t 0.025+ 0.1Se. 62 84 28.0 46.0 2 = 
Nickel Vanadium 0.3t 1.5t 0.7t 0.35t 0.03F 0.0257 O.1f None... 66 84 15.5 223.7 > 
0.3t 1.57 0.7+ 0.35+t 0.03t 0.025¢ O.1t 0.05Ca, 0.03Se 65 84 24.7 41.3 4 
*Heavy Sections were 3 in. keel molds with the tensile bar taken from center of section. _ 
Nores?: fIndicates estimated analysis. U 
All Heat Treatment: 1900°F; 1600°F; 1200°F; 3 hrs. each, air cooled. a 
7 = 
| use about 0.1 per cent of high-priced selenium to obtain nium. Asa result of experimentation, it was discovered ‘ 
| sulphide coalescence in steels of normal sulphur. Ac- that calcium could be employed together with sma! 
cordingly, the problem was presented of discovering amounts of selenium to produce the desired results. 
whether the amount of selenium required could be re- Table 1 shows some of the satisfactory results of using 
duced, and whether this could be done by employing a calcium, added as calcium silicide. Thus, it will be ob D 


combination of one or more other elements with sele- served from Table | that 0.1 per cent calcium and 0).02 
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Sulphide Coalescence promoted by Calcium 
Selenium in various Cast Steels. X500. 
lop—Nickel-Vanadium Steel, induction furnace heat. 
Left)—0.02 per cent Aluminum. (Right)—0.02 per cent 
iluminum, 0.05 per cent Calcium, 0.03 per cent 
Selenium. 
Center—Nickel-Molybdenum Steel, induction furnace 
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} Relation between Manganese, Sulphur, and 
tility in Nickel Cast Steel finished with 0.05 per cent 
Calcium, 0.03 per cent Selenium. 





- 


heat. (Left)—0.02 per cent Aluminum. (Right) —0.02 
per cent Aluminum, 0.05 per cent Calcium, 0.03 per 
cent Selenium. 
Bottom—Nickel-Manganese Steel, arc furnace heat. 
(Left)—0.02 per cent Aluminum. (Right)—0.02 per cent 
Aluminum, 0.05 per cent Calcium, 0.03 per cent 
Selenium. 


per cent selenium were as effective as 0.1 per cent sele- 
nium alone for improving the ductility of aluminum- 
killed steel. 

It is evident also that, in these quantities, both ele 
ments are necessary for high ductility. A micro-exami- 
nation showed that calcium shortened and thickened 
the sulphide links of aluminum-killed steel and that 
selenium provided the stimulus for complete agglom- 
eration. While it is possible to combine calcium and 
aluminum without selenium for high ductility,’ the 
calcium must precede the aluminum addition and then 
will function only in an oxidized heat. Only with sele- 
nium does it appear possible to agglomerate the sul- 
phides in a steel otherwise destined to have the inter- 
granular type. 


Calcium-Selenium Deoxidation Tested 


Two other sulphide forming elements, titanium and 
zirconium, did not appear to replace part of the sele 
nium successfully, and the results of these tests appear 
in Table 2. These steels had low ductility even when 
no aluminum was used, and they contained inter- 
granular sulphides. 

This deoxidation procedure was tested in a variety 
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TABLE 6.—MECHANICAL PROPERTIES OF SELENIUM CONTAINING STEELS 
PRODUCED IN SEVEN COMMERCIAL FOUNDRIES 
FOUNDRY “A” 
Furnace: Basic Open Hearth 
Heat Treatment: Normalized and Drawn 
Yield Tens. 
at Str., St., Red. in Composition, per cent 
Heat Ladle Addition, 1000 1000 Elong., Area, 
No. percent psi psi percent percent C Mn Si P 
Aluminum Titanium 
Al Ti 
1 0.025 0.045 7 104 27.5 50.3 0.37 1,34 0.47 0.028 0.021 
2 0.025 0.045 67 95 24.5 44.9 0.36 1.42 0.43 0.032 0.024 
64 92 25.0 46.6 
3 0.05 0.045 67 94 25.8 49.7 0.36 1.63 0.47 0.042 0.026 
67 92 27.3 50.3 
Calcium Aluminum Titanium 
Al Ca Ti 
4 0.037 0.063 0.045 69 100 17.3 26.2 0.38 1.60 47 0.034 0.025 
69 101 20.0 33.8 
5 0.037 0.063 0.045 66 91 8.7 13.4 0.37 1.74 v.90 0.018 0.020 
65 88 7.5 7.8 
6 0.037 0.063 0.045 67 99 19.0 28.5 0.39 1.60 0.50 0.026 0.021 
67 99 21.8 32.5 
7 0.05 0.063 0.045 59 95 23.5 53.6 0.39 1.45 0.56 0.023 0.021 
63 95 28.0 54.7 
8 0.05 0.063 0.045 63 93 28.5 52.5 0.36 1.54 0.57 0.027 0.019 
65 93 26.5 50.9 
9 0.05 0.063 0.045 66 95 28.0 47.8 0.34 1.51 0.43 0.028 0.024 
— 94 28.5 48.0 
10 0.05 0.063 0.045 70 97 22.5 36.0 0.35 1.53 0.53 0.037 0.014 
70 96 25.5 45.4 
Calcium Aluminum Selenium 
Al Ca Se 
11 0.05 0.095 0.05 61 93 30.0 56.3 0.33 1.33 0.49 0.028 0.018 
62 93 29.2 54.1 
12 0.05 0.063 0.05 59 90 27.3 51.4 0.29 1.45 0.52 0.029 0.019 
13 0.062 0.063 0.05 67 96 22.0 33.5 0.37 1.56 0.46 0.038 0.024 
No test—holes in coupon 
14 0.062 0.063 0.05 67 97 24.5 47.5 0.38 1.68 0.50 0.025 0.023 
67 98 24.5 44.6 
15 0.062 0.063 0.05 68 97 27.0 52.5 0.33 1.50 0.50 0.035 0.02 
67 96 27.0 49.5 
16 0.062 0.095 0.05 62 90 28.5 53.3 0.31 1.57 0.55 0.029 0.023 
60 89 28.5 53.3 
17 0.062 0.095 0.05 60 89 29.0 53.6 0.33 1.60 0.31 0.011 0.024 
18 0.062 0.095 0.05 62 92 28.5 52.8 0.32 1.38 0.29 0.016 0.022 
61 92 28.5 52.8 
TABLE 6.—Continued 
FOUNDRY? “C” 
Furnace: Basic Electric. 
Nominal Composition: CC Mn Cr Mo Si 


TABLE 6.—Continued 





FOUNDRY “B” 
Furnace: Acid Electric. 
Nominal Composition: Cc Mn Mo Si 





Item 


0.30 1.5 0.45 0.35 0.50 
Heat Treatment: Homogenized, Quenched and Drawn. 


Yield Tens. 
St., Str., 
Ladle 1000 1000 


Red. in Izod No. 


Elong., Area, Impact, Heats 





0.350.45 1.41.6 0.450.55 0.30.5 No. Addi- psi psi percent percent ft. lb. Tested 
Heat Treatment: Double Normalized and Drawn. tion, 
Yield Tens. percent 
Str.,  Str., Red. in 
Heat Ladle Addition, 1000 1000 Elong., Area, 1 0.08Ca, 
No. Percent psi psi percent percent 0.05Se 143 152 15.0 36.8 30.8 
a Y 2 0.25FeTi 146 155 13.9 28.7 36.5 
1 Si eer Tre ee 93 110 20.5 40.2 3  0.08Ca 142 152 12.5 30.4 34.9 
in 4 tnd adeeneesncsesa 90 111 17.0 28.2 4 0,15FeTi, 
3 0.037A1, 0.1Ca, 0.05Se. 85 113 20.5 42.5 0.05A1 134 148 12.0 28.7 31.6 
4 ©.2Ce, 6.6SRe ... 26000. 83 112 21.7 44.0 5 0.05Ca, 
5 G.1Ce, 6.05Se........... 87 116 18.0 35.0 0.10A1 136 148 11.2 23.8 34.4 7 
6 0.037A1, 0.1Ca, 0.05Se. 83 111 20.5 37.0 6 0.10A1 134 146 11.3 24.0 27.4 12 
Desired Properties. .... 80 100 18.0 25.0 z_ 129 138 10.0 17.2 31.3 1 











fed 
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TABLE 6.—Continued 





FOUNDRY “D” 
nace: Basic Electric. 
ninal Composi- Cc Cr Mo Mn Si 
n 0.35 .45 0.80 1.0 0.15 .20 0.70 .90 0.30 .50 
it Treatment: Homogenized, Oil Quenched and Drawn. 
Yield Tens. 














Str., Str., Red. in 
Ladle Addition, 1000 1000 Elong., Area, 
percent _ psi_ psi__ percent __ percent 
cmgleas nf 165 175 5.0 11.5 
172 185 4.5 9.0 
0.1 mill scale. . 155 165 7.0 11.5 
165 163 6.0 13.0 
0.1 mill scale... 164 179 8.5 14.5 
165 17 6.5 11.0 
0.1 Grainal..... 177 188 6.0 16.0 
163 170 7.5 19.1 
).1 Grainal 157 165 6.0 17.0 
0.1 Grainal 183 191 5.0 12.5 
166 164 6.0 9.0 
0.1 Silcaz 165 179 5.0 3.5 
157 179 7.5 17.5 
0.1 Se... 72 179 11.0 34.0 
177 185 13.0 34.0 
0.1 Se wien 171 176 12.5 36.0 
cE ae 178 183 6.0 13.0 
178 184 9.5 24.5 
0.1 Se 164 169 10.5 32.5 
165 170 10.0 29.0 
0.1 Se ‘ . 168 176 8.5 17.0 
173 181 7.0 17.0 
lt oar 172 183 11.5 28.0 
174 184 8.0 16.5 
OF es a bing Ce 186 7.0 9.5 
175 183 7.0 20.2 
Desired Properties 170-180 7.0 min. 12.0 min. 
TABLE 6.—Continued 
FOUNDRY “E” 
Furnace: Acid Electric. 
Composition: Cc Cr Mo Mn Si P S 
0.39 1.08 0.21 0.90 0.47 0.036 0.033 
Yield Tens. 
Str., Str., Red. in 
Ladle Addition, 1000 1000 Elong., Area, 
percent ___psi_psi____percent _ percent 
Normalized, Quenched and Tempered : =~ 
Plain ror ree 185 5.6 15.7 
ky (See ee ey ie 173 186 6.4 17.9 
O.FP Msi ckvatawunhas 170 182 9.5 26.9 
0.20 Greteel onic cccans 180 190 4.0 8.0 
Homogenized, Normalized, Quenched and Tempered 
Ges tis s ca ke 173 188 9.3 23.7 
AP ad wel Witte aa 156 173 3.1 4.5 
LG Disesvk i ct Seneuaws 170 186 11.0 31.2 
1.2e CN sds asc odie 177 193 5.0 10.8 


All results are an average of 4 tests, except * which are an average 
f 2 tests. 





f compositions finished with 0.02 per cent aluminum, 
recognized as promoting poor sulphide dispersion and 
low ductility in cast steel. The tensile results in Table 
obtained on well-fed 1-in. sections, show that 0.05 
per cent calcium and 0.03 per cent selenium substan- 
tially improved induction-furnace steels. 
Elongation was improved and the reduction in area 
raised from 22-29 per cent in the aluminum-deoxidized 
teel, to over 50 per cent by the selenium treatment. In 
iost cases the impact resistance was doubled. The only 
teel not improved by selenium was a manganese- 
itanium composition, which verifies the earlier obser- 


FOUNDRY “F” 
Furnace: Electric, type not reported. 
Nominal Composi- 
tion: Cc Ni Cr Mo Mn Si P S 
035 13 08 0.3 O08 0.45 0.03 0.0 
Yield Tens. 
Str., Str., Red, in 
Heat Ladle Addition, 1000 1000 Elong., Area, Izod, 
No. ___ percent psi__—sipsi_—ipercent percent ft. Ib. 
Normalized, Oil Quenched and Tempered 
1 0.08Al, 0.057Se 131 145 10.5 18.1 13 
0.057Se 137 151 13.5 35.7 21 
0.033Ca, 0.057Se 137 151 13.0 32.4 20 
0.08Al, 0.025Ca 135 147 12.5 30.2 20 





2 0.08Al,0.057Se 152 165 5.0 11.0 9 
0.057Se 151 163. «13.0 37.0 13 
0.033Ca, 0.057Se 156 165 11.0 290 14 
0.08Al, 0.025Ca 149 160 95 220 13 


Nore: Calcium added as CaSi. 





TABLE 6.—Continued 





FOUNDRY “G” 
Furnace: Acid Electric. 
Composition: Cc Mn ‘Si P S 
0.23 0.64 0.39 0.029 0.031 
Heat Treatment: Normalized and Drawn 
Yield Tens, 





Str., Str., Red. in 
Heat Ladle Addition 1000 1000 Elong., Area, 
No. percent psi psi percent percent 
1 tS ear 51 75 29.0 45.0 
0.025Al, 0.05CA, 0.03Se 58 77 32.0 53.0 
0.025Al, 0.10Ca, 0.05Se 56 78 30.0 45.0 
Induction Furnace Heats: Normalized and Drawn. 
Composition: C Mn Mo Si P S 
32 1.39 .24 .44 .034 .038 
2 ce ee vs - — 116 18.5 
0.10Al 89 107 20.0 
0.10Al, 0.10Ca, 0.05Se 90 107 20.0 42. 


Composition: C Ni Cr Mn Si P S 
25 .20 .59 .74 .19 .03 .037 
3 co TEE TET Tee 92 111 18.5 52.0 
0.03Al, 0.10Ca, 0.06Se. 85 102 23.0 53.0 
Note: All test coupons 1 in. to 134 in. section. 
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Fig. 8—Relation between Calcium Selenium, Sulphur, 
and Ductility of Nickel-Manganese Cast Steel. 
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vation that selenium cannot coalesce sulphides in the 
presence of titanium. 

The results obtained in direct-are-furnace heats, 
shown in Table 4, develop the same trend as the induc- 
tion heats, although the ductility of aluminum-killed 
fractions is somewhat higher in the arc-furnace steels. A 
few examples of the sulphide coalescence provided by 
selenium in both types of steel are shown in Fig. 6. 


Relation Between Manganese and Sulphur 


It became evident during this study that manganese 
increased the tolerance for sulphur and that steels with 
high manganese content were more susceptible to im- 
provement with calcium-selenium deoxidation than 
those with lower levels of manganese. The results in 
Fig. 7 demonstrate this point and indicate that greater 
ductility can be achieved with 1.4 per cent manganese 
than with 0.7 per cent, especially at sulphur levels above 
0.04 per cent. The data also indicate that steels finished 
with 0.02 per cent aluminum were considerably more 
sensitive to high sulphur contents than aluminum-free 
steels. 

An increase in calcium and selenium, from 0.05 per 
cent and 0.03 per cent to 0.10 per cent and 0.06 per cent, 
respectively, increased the tolerance for sulphur in low- 
manganese steels, as shown in Fig. 8. One point that 
should be recognized in connection with these data is 
that the ductility, especially at high sulphur levels, is 
probably not the maximum obtainable because of the 
production method. These heats were finished with 
calcium-selenium, and sulphur then was added to suc- 
cessive fractions. Oxidation losses occurring during this 
procedure undoubtedly reduced the ductility. The data 
demonstrate trends but cannot be used to predict the 
ductility of high sulphur steels. 


Effectiveness in Heavy Sections 


It is well known that increases in section size are 
detrimental to the properties of cast steel, particularly 
to ductility. Segregation and a greater susceptibility to 
poor sulphide dispersion contribute to deterioration of 
ductility. It was of interest, therefore, to make a few 
tests using a keel mold of 3-in. section to determine how 
well selenium could deal with the more severe condi- 
tions existing in heavy sections. 

In order to appreciate the powerful effect of section 
size on cast steel it should be recognized that the nickel- 
manganese and nickel-vanadium steels in Table 5 
which received no ladle treatment, would have devel- 
oped at least 50 per cent reduction in area if cast in the 
regular test mold of l-in. section. Selenium and cal- 
cium-selenium greatly improved the heavy section duc- 
tility of nickel-manganese steel and, in fact, improved 
it to the same extent as that achieved in the steel which 
was heavily oxidized. The latter was oxidized so heavily 
that it effervesced slightly during solidification. Alumi- 
num sharply reduced ductility, which again was im- 
proved by selenium although not to the level achieved 
in the aluminum-free material. 


Grain Refinement Promoted 


Thus these few tests indicate that selenium is able to 
coalesce sulphides under the severe conditions existing 
in heavy sections, as shown in Fig. 9, and the author 





SELENIUM AND SULPHIDE INCLUSIONS IN CAsT Sri 





Fig. 9—Sulphide Coalescence by Selenium in 3-in. cast 
sections of Nickel-Manganese Steel. (A bove)—As melted, 
X250. (Below )—0.1 per cent Selenium, X500. 


suggests that it should be especially useful in this con- 
nection. 

Selenium refines the grain size of steel. Grain sizes of 
6 or 7 were obtained in steels containing 0.1 per cent 
selenium, and the normalized grain size of a steel con- 
taining 0.05 per cent calcium and 0.03 per cent sele- 
nium is compared to a similar silicon-killed steel in Fig. 
10. Thus the usual benefits of fine-grained steels, such 
as a high ratio of yield to tensile strength and good im- 
pact resistance, are obtained in selenium containing 
steels. Grain refinement usually is associated with 
strong carbide or oxide forming elements, and it was 
rather surprising to find that selenium, a weak deoxi- 
dizer, refined the grain in steel. 


Tests with Commercial Steels 


Selenium was tested in seven foundries in steels 
melted in acid and basic electric, basic open hearth, and 
induction furnaces. The steels ranged from plain car- 
bon with tensile strengths of 75,000 psi to quenched 
alloy steels of 180,000 psi. Results are given in Table 6, 
which also includes results obtained on other deoxida 
tion procedures that were available. 

In Foundry A, only one of eight open-hearth heats 
finished with calcium selenium had low ductility, while 
three heats of seven representing another deoxidation 
method had low ductility. Moreover the selenium heat 
of low ductility was obviously of poor quality since 
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Fig. 10—Grain refinement promoted by Selenium in 
normalized Nickel-Manganese Steel. Heat treated 1 hr. 
at 1600 F. and air cooled. Micrographs at X100, nital 
etch. (Above)—No ladle addition. (Below )—Addition of 
0.05 per cent Calcium, 0.03 per cent Selenium. 


other test bars from it contained gas holes, which is 
unusual for a steel whose ladle additions included 0.06 
per cent aluminum. All four of the selenium, acid- 
electric heats from Foundry B met the required proper- 
ties, while one of the two heats deoxidized with silicon 
alone passed specification. 

he tensile results on basic electric steels from Foun- 
dry C are significant because they were made under 
closely controlled melting conditions and the results for 
each deoxidation procedure are the average of several 
heats. Calcium-selenium deoxidation developed the 
best ductility and was superior to six other deoxidation 
methods. 

Foundries D and E dealt with high-strength, 
quenched-and-drawn steels, although one used basic- 
electric and the other acid-electric furnaces. The sele- 
nium heats again showed better ductility and at the 
same time were more consistent in promoting ductility 
than steels finished in other ways. 

Foundry F obtained good ductility with calcium- 
selenium steels of high strength, which was better than 
that developed by aluminum-selenium deoxidation. 
However, the amount of selenium used was too low and 
an increase from 0.05 per cent to 0.1 per cent probably 
would have developed high ductility with aluminum 
containing steels. Foundry G had no steels of low duc- 









tility regardiess of the deoxidation procedure used, and 
consequently provided little opportunity for improve- 
ment via calcium selenium. 


Methods and Amount of Additions 


Selenium may be added to the tapped stream in lump 
form or as ferro-selenium. The recovery with pure sele- 
nium ranges from 65 per cent to 80 per cent while the 
ferroalloy has a greater recovery of 85 to 95 per cent. 
Somewhat more fuming occurs with the lump selenium, 
although the quantities used are so small that this is 
not considered an objectionable feature from a foundry 
point of view. 

In these tests calcium always was added as calcium 
silicide. In using calcium silicide, care should be taken 
to assure that it is carried beneath the surface by the 
tapped stream, or else attached to a rod and sub- 
merged for its effective addition. 

Calcium selenium is preferred to selenium alone for 
finishing cast steel because it is cheaper and as fully 
effective. The proper amounts seem to be between 0.05 
per cent Ca—0.03 per cent Se and 0.10 per cent Ca—0.06 
per cent Se, and depend on the sulphur content and 
another factor not clearly identified. For a long time it 
seemed certain that 0.05 per cent Ca—0.03 per cent Se 
were sufficient to promote high ductility under all cir- 
cumstances. However, withrone lot of melting stock that 
arrived at the laboratory when this study was nearly 
complete, 0.10 per cent Ca and 0.06 per cent Se were 
required for high ductility in aluminum-killed steel. 


One reason for the greater amount of selenium re- 
quired was that its recovery in the new melting stock 
was lower than it had been in the old. There were 
indications that the oxide content on melt down influ- 
enced the selenium recovery and that the more highly 
oxidized heats favored better recovery. This happened 
in spite of the fact that selenium was added after the 
aluminum and that the aluminum-killed specimens 
had the same low ductility regardless of the base metal 
used and the degree of oxidation on melt down. 


The reasons for this behavior are not understood but 
are important only from an economic point of view, 
since good ductility could be obtained with all base 
materials. Consequently the amount of addition should 
be varied with a particular set of melting conditions to 
determine the minimum requirement. The quantities 
recommended for initial runs are 0.08 per cent calcium 
and 0.05 per cent selenium. 


General Advantages 


The comprehensive tests of selenium and calcium 
selenium in both laboratory and commercial melts de- 
velop two features of this addition agent. The ductility 
of selenium:containing steels is better than that of 
selenium-free steels, and selenium steels of low ductility 
occur less frequently than those deoxidized in other 
ways. From a commercial standpoint these features 
mean higher quality steel as well as fewer heats lost 
through failure to pass specification. 

There appears to be little question that selenium 
steels are less sensitive to melting technique than those 
deoxidized in other ways. The fact that good ductility 
was achieved in different compositions melted in all 
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types of furnaces testifies to this thought. Such an ad- 
vantage is important from an operating standpoint, 
since it allows wider latitude in furnace operation and, 
perhaps, requires less skill on the part of the melter. 
Although such an intangible factor cannot be accu- 
rately evaluated, it nevertheless is real and is a corol- 
lary to the fact that selenium-containing steels of low 
ductility occur less frequently than selenium-free steels. 
Selenium increases the cost of deoxidation and the 
extent of its use probably depends on the quality of the 
steel desired, the specifications to be met and the fre- 
quency of low-ductility heats that can be tolerated. 


Conclusions 


1. Selenium has the specific ability to coalesce the 
intergranular sulphides in cast steel and thereby im- 
prove its ductility. In addition, it refines the grain and 
is a mild deoxidizer. 

2. It appears to combine with the sulphides in steel 
and promote their rejection from solution before solidi- 
fication is complete. Manganese-selenide-sulphides are 
located at the interface of the primary dendrites and 
the interdendritic filling, in contrast to inter-granular 
sulphides which are rejected from the last freezing 
liquid in the center of the inter-dendritic filling. 

3. Calcium can be substituted for part of the sele- 
nium without sacrifice of the sulphide-coalescing abil- 
ity, Zirconium and titanium did not successfully replace 
part of the selenium. 

4. The addition of 0.05 per cent calcium and 0.03 
per cent selenium approximately doubled the reduc- 
tion in area and the toughness of a variety of experi- 
mental cast steels, with well defined intergranular sul- 
phides intentionally produced by the addition of 0.02 
per cent aluminum. 

5. Selenium and calcium selenium coalesced the 
sulphides and greatly improved the ductility of cast 
steel in heavy sections. It should be especially useful in 
this connection, since the problem of obtaining duc- 
tility in cast steel is accentuated as the section size is 
increased. 

6. Calcium-selenium finished steels have only 
slightly better ductility than silicon-killed steels at a 
given sulphur level. The important difference is that 
selenium promotes globular sulphides in over-killed 
steels of low oxide content, thus readily permitting the 
production of sound, ductile castings. Silicon-killed 
steels, on the other hand, require a relatively high oxide 
content for globular sulphides and are therefore sus- 
ceptible to gassiness. 

7. Manganese increased the tolerance for sulphur in 
calcium selenium steels, while aluminum reduced it. 

8. Calcium selenium and selenium developed good 
ductility in a variety of commercial steels ranging from 
75,000 psi to 180,000 psi tensile strength, melted in 
electric and open-hearth furnaces. The selenium-con- 
taining steels developed better ductility and, at the 
same time, fewer heats with low ductility than other 
methods of deoxidation. 

9. Selenium appears to permit broad latitude in 
melting conditions and therefore should assist in the 
consistent production of high quality cast steel. 





SELENIUM AND SULPHIDE INCLUSIONS IN CAsT St; 


Acknowledgments 


The author is indebted to Norman B. Pilling 
helpful criticism and permission to publish the resu]| 
to John T. Eash for suggestions and cooperation duri 
the investigation; and to the personnel of the found: 
which conducted the tests on the commercial steels. 





Bibliography 


‘C. E. Sims and F. B. Dahle, “Effect of Aluminum on the Pro} 
ties of Medium Carbon Cast Steel,” Transactions A.F.A. (193 
vol. 46, p. 65. 

2A. P. Gagnebin, The Effect of Deoxidation Treatments on 
Ductility of Cast Steels,” Transactions A.F.A. (1938) vol. 46 
133. 


DISCUSSION 


Chairman: C. W. Brices, Steel Founders’ Society of Ame: 
Cleveland 

Co.Chairman: L. H. Hahn, Sivver Steel Castings, Chicago 

G. A. Littirevist*: I would like to congratulate Mr. Gagne! 
on his splendid paper. We have done a great deal of work at « 
Research Laboratory with the use of selenium. We obtained 
such encouraging results with induction furnace heats that 
decided to make several acid electric furnace heats as well as sor 
basic open-hearth heats. In all cases we experimented with ints 
mediate manganese steel containing carbon 0.30, manganese 1.6° 
and silicon 0.45. In practically all our experiments we obtain« 
globular or Type I inclusions with resulting exceilent ductilit 
On an average we obtained with this type of steel after a norma 
izing and tempering treatment a yield point of 67,000 psi, tensil: 
strength 95,000 psi, elongation 27 per cent, and reduction of ar 
55 per cent. These results are satisfactory. 


some experiences we had with these various selenium heats. | 
regard to Foundry D. Page 283, Ladle Addition of 0.1 per cent mil! 
scale, what is the reason for adding this mill scale? How can you 
produce sound castings by adding mill scale? 

Mr. GAGNEBIN: I do not know the reason for the addition of 
mill scale as I did not witness the commercial tests. 

Mr. Littieevist: You mentioned the use of calcium seleniun 
Do you get sound castings in green sand molds by adding calciu 
selenium? 

Mr. GAGNEBIN: It is not as strong a deoxidizer as aluminu: 
With green sand I would think that aluminum would be necessa1 
for sound castings. 

Mr. Litttegvist: What difficulties did you encounter in weld 
ing the castings? 

Mr. GAGNEBIN: We ran no welding tests. 

Mr. Lituiegvist: I would like to caution everybody—and | 
do not mean to criticize this paper. We have made several heats 
in the acid-electric furnace as well as the basic open-hearth and 
induction furnace and when we came to repair welding of thes« 
castings, we had a difficult time. 

Mr. GAGNEBIN: Did that occur in castings containing sel 
nium? 

Mr. Litiiegvist: Yes, we added i114 Ib. aluminum and 0.07 
per cent selenium per ton, and it was impossible to weld thes 
castings because of spattering and boiling of the weld metal. b 
as soon as we used lime-coated welding rods the welding operati 
was satisfactory. Hence, lime-coated welding rods should be us 
in repair welding selenium-bearing castings. 

Another difficulty we ran into with selenium is in regard 
nozzle troubles. We made an open-hearth heat using 114 1b. of 
aluminum and 0.075 per cent selenium. We almost lost the h« 
because the selenium apparently attacked the nozzle. 

Another experience we had with selenium, was when we ni 
about 25 heats in an acid-electric furnace with the additio: 
selenium. One day we got in a new shipmen of ferro-selen : 
which made the metal especially sluggish. We melted at the sain i 
temperature, around 3200° F. but just could not use the mec‘a! ; 
because of its sluggishness. 

Mr. GAGNEBIN: Did you ever find the reason for that? 

Mr. Lituiegvist: No. I have no idea where the sluggis! 
could come from. The first shipment of ferro-selenium was s 
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while the second was unsatisfactory from the same source 
ier if vou have any idea on that? What is the recovery of 


GAGNEBIN I do not know. Most of our heats were made 
a small scale that we could not obtain reliable data to 
that question. 
Littiegvist: We had an experience with an induction 
e. We made a 100-lb. induction furnace in the acid-lined 
e and we added again 114 Ib. of aluminum and 0.75 per cent 
We looked at the inclusions which were proper inclu 
hen we used the same scrap and melted it in and did not 
selenium at all but added 11% Ib. of aluminum and again 
the globular type of inclusion. 
{r. GAGNEBIN: Did you analyze for selenium? 
{x. Lityiegvist: Yes, we analyzed for selenium and recovered 
cent 
GAGNEBIN: A high recovery of Se from scrap and its con 
effectiveness in dealing with sulphides would be a nice 


Littregvist: You will have to segregate your scrap and 
sts money 
4IRMAN Briccs: Mr. Lillieqvist, the author recommended 
e of calcium with the selenium. Did you try that? 
(x. Littregvist: No, we never used calcium. We used alumi 
nd ferro-selenium. I believe that calcium would reduce the 
of selenium. 


CHAIRMAN Briccs: Mr. Gagnebin stated that he used 0.030 
selenium and you used 0.075 per cent. That may have 
effect 


Mr Stms*: What is the solubility of selenium in steel? 
\ir. GAGNEBIN: I have not knowledge of its solubility in steel 
E. Sims: There seems to be a close analogy between the 
f selenium and sulphur in many ways, but also some points 
fference. I was interested in the author's description of the 
of selenium on grain size. It can be shown that sulphur has 
ir effect on grain size. The selenides have a superficial 


nce of sulphides and apparently selenium has a fairly 






high solubility in steel which must, however, reach saturation 
some time during freezing 

The eutectic between Fe and FeS contains about 7 per cent 
which explains why sulphides do not precipitate until the steel is 


} 


largely frozen. The solubility of S in steel is apparently altered 
by other constituents. For example, the present of FeO causes 
early precipitation with the formation of large globules as com 
pared to the eutectic formation when the FeO is eliminated with 
Al. On the other hand, excess Al will form ALS, which again re 
duces the solubility. Calcium seems to have a somewhat similar 
effect with the formation of some CaS 

Selenium obviously precipitates early enough to form large 
globules regardless of the state of deoxidation of the steel. Of 
more importance is that the sulphur precipitates on or with the 
selenides to form sulpho-selenides. Apparently there are no 
separate sulphides in steel treated with selenium 

The analogy to sulphur caries over into welding, for sulphur 
is potent in producing porous welds. Resulphurized steel usually 
must be welded with a mineral-coated weld-rod to obtain sound 
welds 

Mr. LILLIEQvist Tellurium acts the same as selenium 
Mr. GAGNEBIN We thought it was not quite as effective 
Mr. LILLIEQVIST 
Mr. GAGNEBIN 


I found exactly the same results 

We did not test it extensively but the few 
trials we made indicated that it was not effective as selenium 
This is in harmony with the fact that tellurium has an atomi 
weight about 50 per cent greatet than that of selenium. A greater 


leal with 


percentage weight of tellurium would be necessary to ¢ 
given sulphur content, assuming that both elements form the 
same type of compounds with sulphur 
Mr. LILLIEQVIST Where can you obtain calcium selenium? 
Mir. GAGNEBIN There is no such alloy available. We used 
separate additions of calcium silicide and selenium. We tried to 
make an alloy without success. It decomposed, I think, on exposure 
to damp atmosphere and gave off an odor resembling hydrogen 


sulphide 
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A STUDY OF THE PRECISION OF SAND TEST DATA* 


By Robert E. Morey and 
Carl G. Ackerlind 


ABSTRACT 

Reproducibility or precision of tests used in the evaluation of 
foundry molding sands were examined by statistical methods. 
Shewhart’s method for relatively sm!' -amples was found par- 
ticularly suitable for this purpose. Variations in test values were 
found due to technique and due to different operators. Similar 
equipment in different laboratories gave different results. The 
assurance that apparent differences in test results represent actual 
differences in the sand is increased when the testing technique is 
standardized and the errors of sampling and testing are reduced 
to a practical minimum. 


ONE OBJECTIVE OF A FOUNDRY is to produce the 
maximum amount of sound castings per dollar of oper- 
ating costs. To accomplish this, various methods are 
used by the foundry supervisor to control the quality 
of raw materials and processes. Among these methods 
is sand control which has done much to reduce the 
number of castings made defective by improper sand. 

Sand control measures the quality of molding and 
core sand in terms of certain tests. Tests for moisture 
content, green compressive strength and green permea- 
bility are those most commonly used. The results are 
expressed as numerical values. 

It is the task of the foundry supervisor to determine 
from the test values whether or not the sand is satis- 
factory on the basis of his experience and to correlate 
sand test values with castings scrapped due to sand 
defects. He must know whether or not the foundry sand 
is under control, and, if possible, correct faulty condi- 
tions before bad castings are produced. 

Such a procedure puts considerable dependence on 
the machines used for testing the sand, as well as on the 
operators of these machines. The present work was 
undertaken to find the effect of several variables in 
testing technique, and to determine the precision of the 
equipment and the operators. 

There are two main reasons for variation in test 
results. First, there is the material being tested, and 
second, the methods of testing. If two batches or sam- 
ples of sand are tested, and nothing is known of their 
source, the variations may be due to a real difference in 


*Published with permission of the U. S. Navy Department 
without endorsement of statements or opinions of the writers. 
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the material. If the same batch or sample is tested, vari- 
ations in values given by tests must be due to the testing 
machines or the operators. It follows that the finer the 
precision of the testing procedure, the greater is the 
assurance that the differences are due to a change in the 
sand. 


Test Methods 

In order to measure precision, statistical methods 
must be used. The general principles of statistics are 
explained in several standard textbooks.1:2.3.4,5 

To obtain a statistical analysis, the tests must be 
repeated many times on a batch of sand or on different 
batches of sand which are supposed to be identical. The 
average of all the values in such a series of tests is called 
the arithmetic average designated by the symbol X 
Each test differs from the average by some amount, and 
when these differences are squared and averaged, the 
square root of this average is called the standard devia 
tion of the arithmetic average. The standard deviation 
is denoted by the symbol c. 

Statisticians have determined that if the distribution 
of the results about the average value is approximately 
a normal or Gaussian distribution, the relationship be- 
tween the arithmetic average and the standard devia- 
tion will be as follows: 

The arithmetic average plus or minus one standard 
deviation will be the limits for 68.26 per cent of all 
subsequent tests on the same material. If the limits are 
X + 2c, 95.46 per cent of all tests will be included, and 
for limits of X + 380, 99.73 per cent of all tests will be 
included. 

Arithmetic Average 

The arithmetic average is an estimate of the central 
tendency of a series of tests. The standard deviation is 
a measure of the dispersion of the individual test values 
about that average. Therefore the smaller the value 
of the standard deviation, the more precise is the test- 
ing. From the standard deviation, the standard error of 
the average may be calculated. Just as the standard 
deviation will give the probable limits for individual 
tests in a series, the standard error of the average will 
give the probable limits of the average of another 
series of tests on the same or similar material. 
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, the present work, the effect of variables in testing 
oreen compressive strength of sand was studied in 
ittempt to establish the best methods for reproduc- 
test results. It is impossible to reproduce test results 
tly but it is possible to reproduce test results within 
bable limits. When the test has been refined so that 
limits are small, the test will be of greater value 


1use smal] changes in test values will then indicate 
1] difference in the material, and some sort of action 
be taken to bring the properties of the material 
k within the limits decided upon. 
lable 1 shows the effect of using two specimen tubes 
preparation of sand specimens for testing green 
pressive strength. Sixteen tests were made on speci- 
ns rammed in tube No. I, and 16 tests were made on 
yecimens rammed in tube No. | and tube No. 2 alter- 
ly. From an examination of the original data one 
ild be inclined to say that there is very little differ- 
due to the difficulty of comparing 32 numbers. 
Statistical analysis will reduce this mass of data to a few 
nificant numbers or parameters which may easily 


compared. 


One Method of Statistical Analysis 


By one method of statistical analysis all the data for 
h series of tests may be used, and the arithmetic 
rage can be obtained by adding all the test results 
ther and dividing the total by the number of tests 
ide. The standard deviation is computed as described 
lore. 
These computations result in two figures which may 
compared. For the data pertaining to tube No. | the 
rage was 5.37 psi and the standard deviation was 
04 psi. When tube | and tube 2 were used alternately, 
average strength of the specimens was 5.28 psi and 
standard deviation was 0.219 psi. 
[hese figures mean that if another 16 tests of a simi- 
r batch of sand were made on specimens from tube 
No. 1, 99.73 per cent of the tests would fall between 
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PaBLE 1.—DATA FROM 32 TEstTs; 16 ‘TESTS WERE MADE 
WITH RAMMER TUBE No. | As CONTROL Basis; 16 
[TESTS WERE MApE UsING TuBE No. | AND 
‘TuBe No. 2 ALTERNATELY 





lubes No. 1 and No. 2 





Tube No. 1 used alternately 
38 psi 5.19 psi 

5.33 5.44 
5.32 5.22 
5.33 5.39 
5.31 5.07 
5.36 5.40 
5.42 5.13 
5.40 5.37 
5.41 5.14 
5.44 5.33 
5.39 5.00 
5.40 5.32 
5.37 5.09 
5.33 5.47 
5.32 5.12 
5.39 5.39 
5.37 Arithmetic Average 5.28 
0.04 Standard Deviation 0.219 
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5.37 psi 5 x 0.04 or between 5.25 and 5.49 psi, and 


for 16 tests on specimens from tubes No. 1 and No. 2, 
the strengths would fall between 5.28 psi 3x 0.219 o1 
from 4.62 to 5.94 psi 

If one wishes to know the probable limits for the 
average of an additional 16 tests under the same condi- 
tions the standard error of the average is computed. 
[he standard error is found by dividing the standard 
deviation by the square root of the number of samples. 
For the specimens prepared in tube No. | this would be 
0.04/V 16 
16 tests would fall within 
would be from 5.34 to 5.40. For tubes 1 and 2 the 


0.01. Since the average of the additional 
+ 3 standard errors, the range 


standard error is 0.219/V 16 0.055. Three standard 
errors 0.165, hence the average would fall between 
5.11 psi and 5.45 psi. 

The parameters thus obtained show that the averages 
for either method of testing may coincide because the 
range of results obtained when the No. | tube is used is 
well within the range when both No. | and No. 2 tubes 
are used alternately. The deviation to be expected with 
both tubes is 514 times as great as when No. | tube 
alone is used. This means that test data obtained by 
using the No. | tube are more precise than data ob- 
tained by using two tubes and that the average is a 
closer estimate of green compressive strength. 


Another Method of Analysis 


Another method was developed by W. A. Shewhart 
and is described in his book Economic Control of 
Manufactured Product. This method is particularly 
applicable to small samples and is therefore suitable 
for sand test data because the foundryman must rely on 
a few tests to tell him the quality of his sand. This 
method, outlined below, shows how testing methods 
and shop methods may be improved by finding the 
causes of variance in sand by testing small samples. 

I'he steps involved in making the tests as described 
by Shewhart are as follows: 

1. List the measurements in the order in which they 
were made. 

2. Divide the measurements into groups of four 
each, starting with the first. A minimum of eight meas- 
urements are required but more dependable results are 
obtained with more than two groups. 

3. Compute the arithmetic average, X*, of the 
values for the four measurements in each group. 

4. Compute the standard deviation, o, of the four 
values in each group. 


5. Compute the arithmetic average, X, of the aver- 
ages, X, of the subgroups. 

6. Compute the arithmetic average, of the standard 
deviations, o, of the subgroups. This average is denoted 
bys. 

7. Compute the standard error of the average of the 
subgroups written °x from the formula 


o_o 

dial Cy Vv N 
where N is the number of values in each subgroup and 
C, is a correction factor for small samples. The value 
of this factor depends on the number of values in each 


*Average and mean are used interchangeably. 
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subgroup. This factor is denoted Cy, in the table given 
on page 185 of Shewhart’s book, and on page 154 in 
Simon's book, and is included here as Table 11. Cy isa 
function of the number of tests and is the ratio between 
the average deviation, =, and the true standard devia- 
tion. 

8. Compute the control limits from the formula 

223s 

A subgroup average, X, lying outside these limits 
indicates a lack of control of those factors affecting the 
average. This indication of lack of constancy in the 
averages may be a clue leading to the discovery of 
assignable causes of variance. 

The control limits on the standard deviation, o, are 
computed by the same steps as those used for the arith- 
metic averages. From these computations the standard 
error of the standard deviation, written og may be 


found from the formula 


—_ 
Co V/2N 
with C, and N the same as before. In this case the limits 
are the arithmetic average of the standard deviations 


GF = 


~ 


Ct IS 
If a standard deviation of a subgroup falls outside the 
control limits there is evidence of a lack of control. If 


either the average, X, or the standard deviation, o, of 
any subgroup or groups fall outside the limits thus set 
up, there is reason to believe that some assignable 
causes for this variation may be discovered. As the dis- 
covered causes are eliminated the limits will decrease. 

When the process is under complete statistical con- 
trol the only reasons for variation will be those factors 
which have not been discovered. For economic or other 
practical reasons, the search for, and elimination of 
these causes, may not be profitable. Consequently their 
influence on the measurements must be considered 
chance. 

Using the data from Table 1, the first 4 steps listed 
by Shewhart are applied and the following averages 
and standard deviations for groups of four are obtained. 


Tube No. 1 Tubes No. 1 and No. 2 


Std. Std. 

Average X Deviation o Average X Deviation ~ 
5.34 0.074 5.31 0.107 
5,37 0.042 5.24 0.144 
5.41 0.019 5.20 0.136 
5.35 0.028 Sint 0.165 


Then steps 5 and 6 are followed to cbtain the average of 
the averages, and average standard deviation, which are 


for No. 1 tube x = 5.37, & =0.041 and for tubes No.1 and 


No. 2, X = 5.26, & =0.138. 
Step 7 is applied to the final figures for tube No. 1. 
By substituting in the formula for standard error cf the 


= 0.041 
mean ©°X = = = — —- 


.- 
C3; VN 0.7979 V4 


In step 8, °X is used to compute the limits for any 
average of four tests if made under the same conditions 
on the same or supposedly identical material. These 
limits will be 5.37+(3 x 0.025) cr from 5.29 to 5.45. 
A graph, Fig. 1, illustrates how the tests meet these 
requirements cf precision. 
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Fig. 1—Green compressive strength values. 


The graph shows all the tests for tube No. | well 
within the limits but when tube No. | is used alter- 
nately with tube No. 2, the averages have not met this 
requirement in three cases out of four. The one average 
that does come within limits is near the lower limit 

It is obvious that tube No. 2 has had some deleterious 
effect on the test. Upon analyzing data for tube No. 2, it 
was found that it consistently gave lower green com- 
pressive strength to the test specimen. When measured 
with a micrometer the tube was found to be slightly 
out of round. To produce uniform results, all tubes 
should be hardened and then internally ground to two 
inches internal diameter. Since these tests were per- 
formed, it has been learned that other laboratories have 
been experimenting with ground specimen tubes. 


Test Results 


To test the variation to be expected between batches 
of sand mixed according to formula and supposedly 
alike, several batches made in both laboratory and shop 
mullers were used. Tables 2 and 3 and Fig. 2 give the 
data. 

It is apparent from these tables that the degree of 
control possible in the laboratory is not approached 
in the shop. The work of the laboratory is precise 
enough to reproduce a given batch of sand within much 
closer limits than has generally been supposed. With 
proper control, shop mixing may be greatly improved 
in precision. While the agreement between the two 
laboratories is not exact, the degree of precision indi- 
cates that closer agreement could easily be attained by 
checking on testing machines and technique. 

To determine the variation to be expected between 
operators in the same laboratory, testing the same batch 
of sand, five men were called into the laboratory. ‘These 
men had never tested sand, and after being shown how 
to make the tests, made four tests without supervision. 
In Table 4 and Fig. 3 the results are given. The tech- 
nician who regularly does the sand testing is designated 
as A. 

In Table 4, all the data are in close agreement except 
in the case of D, although his figures fall within the cal- 
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raBLE 2.—AVERAGE VALUES AND LIMITS OF GREEN 
COMPRESSIVE STRENGTH FOR BATCHES OF SAND 
\M{ apE ACCORDING TO FORMULA IN A CLEAR- 
FIELD No. 404 SHop MULLER 





Lis f Precisior 
perty Average to be Expected 
ture Content 3.649 +0.5% 
Permeability : 94 LeQ 
Compressive Strength 3.96 psi + 0.68 p 





ited limits for the tests. Operator D experienced 
at difficulty in reading the scales of the testing appa- 
1s. The permeability meter was especially hard for 
of them to read. The scale lacks contrast and is not 
se enough to the meniscus. The cam arrangement is 
lom used and just gets in the way. Figure 3 shows the 
ulated average and limits for green compressive 
ngth based on the data from twelve tests made by A. 
[he same operator in a different laboratory using 
ifferent equipment, will also introduce variation. In 
lable 5 results of tests by Operator A made at NRL 
nd at another sand laboratory are compared. The 
sults obtained by their technician are also shown. 


Variation in Laboratories 

\lthough the differences between average values are 
t large, the effect of different apparatus on precision 
s apparent. The results obtained by the NRL operator 
poorer in precision in another laboratory than his 
sults obtained at NRL, or the results obtained by the 
operator of the second laboratory. The original NRL 
limits are calculated from data covering six batches of 
sand, and 272 tests. For the second laboratory the limits 

are based on 24 tests, and two batches of sand. 


So far it has been shown that the same technician, 
using the same apparatus, can work within limits of 

2 per cent of the average value for a given test. If he 
s unfamiliar with the apparatus with which he is work- 
ing, his results will not be too consistent at first, but his 
precision should improve with practice. Several dif- 
ferent operators using the same apparatus cannot re- 
produce data exactly, but can easily stay within statis- 


tical limits of precision. 
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Fig. 2a (left)—Reproduction of batches made in labo 
2b (right) Reproduction of batches 


made in shop muller. 


ratory muller. Fig. 
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VALUES AND LIMITS OF GREEN 
COMPRESSIVE STRENGTH FOR BATCHES OF SAND 

M apE ACCORDING TO FORMULA IN AN 18-IN 
SIMPSON LABORATORY MULLER 











[he next step is to examine the effects of variations NRL Another Lab Combined 
in technique by one operator. One testing detail which : Av. _Etenite Av. Limits Av. __ Liamite 
— Z i : oe - Moisture Content 5.04 +0.10 493 +010 0 (94 
seems to have a large effect on test results, particularly : 
5 a Stipe’ Green Permeability 84 80 
| green strength, is the practice of sieving the sand Green Compressive 
rough a 14-in. riddle before testing, as described on Strength 5.28 +0.11 5 0.18 - 
TABLE 4.—RESULT OF TESTING BY SIX DIFFERENT OPERATORS 
Limits were Calculated on 12 Tests Made by A 
Test Made By A B ( D E I \ 
2nd 
Batch 
ture Content 5.10 +.05 5.04 5.00 5.12 5.06 5.02 00 
en Permeability , 75+2 75+2 75+2 71+5 73+2 1342 2 
een Compressive Strength...... 6.23 +.129 6.10 +.051 6.12 +.160 6.23 +.177 6.24 +.177 6.15 + .087 18 +.081 


sed on All Tests 


O 5.07 +.066 Green Permeability 75 +5 Green Compressive Strength 6.18 +.099 
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SOLID LINE IS THE ARITHMETIC AVERAGE (CX ) OF STANDARD ERROR COW) OF AVERAGE OF GREEN COMPRESSIVE STRENGTH TEST 
AVERAGES OF A SERIES OF TESTS. DASH LINE IS DASH LINE IS THE AVERAGE STANDARD ERROR FOR ALL TESTS 
STANDARD ERROR (OR) OF AVERAGES MULTIPLIED rY- 1 eo ae — + 
BY THREE TO ESTABLISH HIGH PROBABILITY LIMITS. | Tete SNT'SIX OPERATORS | aS. TAREN. JW AROTAER RAMMER | LEVELED | ttves 
© AVERAGES FOR SAND SIEVED BEFORE TESTING. petheees | --t teen yh. a 
+ AVERAGES FOR SAND TESTED AS TAKEN FROM MULLER. | ‘ RAMMING | RAND 
LETTERS REFER TO OPERATOR. 

= ee oe wee A “ETT TT TTT Ty tT 
‘ aBiclo | c : SECOND co : SSeeseeree 
6.60 | | | | | BATCH "TT TITrerti ty fT T | “ e 
6 : +——+ + 4 TTT] Se SS SSSR SESS SS SS SESS = 
| | | | | es | 
} + } t$—+—+—-t—_}—_ +4 = - | ee a ee es se es es es ee 
| | sae ese se aa eS aS Se SS SSS SSS Se 
6.50 +—4-—+ t a ah i ie a on ono + a ‘SRSPaeeeerae i eB SESS E | 
ee ae aR SUR. Be SES EER eee 
a exw pe ae op Bs. PS a OE Ek Ee RM eT a 

6,4 + T T + + + + + a ann Gan Ga + tn + , | 0.1 + Tat Prise + + Tt J ote 

pf =f — —|— 4+-—j — + + —|- + oe ey 2 = — 30K } eee! eee as ORE GAG RS Ge Ge | $$} 

6.30 = +—+ t $f} Coo ae 

| | | 
— = | i } 4 4 1/3 = ‘ : > 
aan o—— t t © . iO! = { iH Fig. 3 (left)}-Creen compressive strength tests made | 

Bev | | © six operators. Fig. 4 (above)—Standard error of averag: 

| | io ,. © 2 ro of green compressive strength tests 

6.1 5 a ee TTY T —|— |— + eed eet ee = . : 

| | 
+ + + + | + + | 

6.00 — = e 1 | i 

pages 6, 7, 12, and 13 of the AFA Sand Testing Hand- standard error which indicates that measurement ot! 

green compressive strength is more precise when th 


book, 1944 Edition.* The sand was sieved directly into 
two quart Mason jars, care being taken to avoid com- 
pacting the sand in the jar. The other portion of the 
sand was tested as taken from the muller. There was no 
appreciable loss in moisture and no significant change 
in permeability. Therefore in ‘Table 6 and Fig. 4, only 


ferent sands this sieving operation is essential. 
On page 21 of the Sand Testing Handbook’ the p 


Tat 


sand is sieved, A 14-in. sieve produced the same effect 
as the 14-in. sieve. For comparisons of strength of dil 


tice of leveling the sand in the rammer tube is described 


green compressive strength is recorded. Summary of Results 
Che table shows that no matter what the sand may A summary of the results of a total of 72 tests which 
be, the green compressive strength of sand sieved before were made in two different mixtures is shown in Table 


testing, is always lower than that of unsieved sand. This 7. 
higher strength is always accompanied by a higher 


ABLE 6.—GREEN COMPRESSIVE STRENGTH OF SIEVED AND UNSIEVED SAND 
MIXED IN LABORATORY MULLER (18-IN. SIMPSON) 
No. 80 N.]. St SANpD 89 Per CENT, DEXTRINE | PER CENT, S1 FLourR 5 PER CENT, 
BENTONITE 5 PER CENT 


Che agreement in green compressive strength indi 
cates that the practice has little or no effect on thi 








Batch 2 = > 2 cs ) bl - 
Sieved Sand 8, Unsieved Sand l S U S I S J S J : J S U S 


Average of Averages of Groups 


of Four X 5.30 5.38 
Average Standard Deviation of 

Groups of Four = 043 .108 .050 .135 .033 .090 ~~ .121 105 .120 .070 .086 .124 8.075 
Standard Error of Averages % .027 .067 .031 .084 .020 056 .076 .066 .070 .043 .053 .077 046 


Standard Error of Standard 














Deviation & 031 .048 .022 .059 .014 .040 .053 .046 .053 .031 .038 .055 .035 
SAND MIXED IN SHOP MULLER (CLEARFIELD 404) 
No. 80 Sand 71% Albany 
Si flour 5% Si Flour 15% Sand 
Bentonite 5% Same Fire Clay 10% Same Mulled 
No. 135 Sand 89% Tempered Bentonite 3% Dry Tempered No.2 No 
Batch Dextrine 1% 24 Hr. Dextrine 1% Strength 24 Hr. Sieve Siev 
Sieved Sand S, Unsieved Sand U S U S U S U S U S U $ S 
Average of Averages of Groups 
of Four X jek ckaat ae 7.59 6.91 7.39 7.15 7.91 521 407.2 5.24 5.52 3.78 3 
Average Standard Deviation of 
Groups of Four = .091 171 .095 .107 .090 .258 19.4 31.7 .108 .126 .033 
Standard Error of Averages "X .048 .091 .050 .057 .048 .137 10.3 16.8 .067 .078 .020 
Standard Error of Standard 
Deviation %- .034 .064 .035 .040 .034 .097 ae 11.90 .047 .056 .014 
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ength and both methods are equally precise. How- 
r from the point of view of standardizing the work, 
erting the tube was practiced in all subsequent tests 


) change in green permeability was observed. 
[In order to find the effect of careless ramming, one 
ies of tests was made in which the weight was 
ypped on the sand and the crank was turned rapidly. 
another series, the weight was lowered carefully and 
crank was turned slowly. Dropping the rammer 
mbly affected the average, and doubled the standard 
wr. Since the effect on the tests was constant, the 
ndard error for dropped rammer assembly remained 
ill. In comparing green compressive strength re- 
rted by two laboratories, the rammer head must be 
ered gently and the crank turned slowly. Table 8 
yws the effect of careless ramming on green compres- 
strength. 
One of the tubes used for ramming was out of round. 
Here again the error introduced was constant, but 
on combining the results of the tests using both 
es, it becomes apparent that this 1s a source of error, 
| the effect on the average value is pronounced. The 
i: are given in Table 9. 


Different Testing Machines Compared 


[he results obtained from different strength testing 
ichines were compared. Two of the machines were 
Dietert Type C.P., one at NRL and the second in 
unother laboratory. The third machine was a shot 
aded machine designed for breaking green core speci- 
rhe precision of the machines was comparable, but 
average green compressive strength of the shot 
yaded machine was low. This difference may have been 
lue to the difference in the rate of loading. The Dietert 
chine loaded at the rate of 29.5 lb per min, the shot 
ichine at 2.3 lb per min. Table 10 shows the green 
ompressive strength on two machines. 

lime of tempering has little effect on the test results 
{ mulled sand. No appreciable differences were noted 
in sand, whether it was tested immediately after mull- 
ing or after tempering for 24 hours. This variable 

ould probably have some bearing on natural bonded 
sands that are not mulled. 

Che deformation attachment had some effect on the 
green compressive strength, but the variable introduced 
vas constant unless adjustments of the friction shoe 

re made between tests. The average strength was 
increased or decreased when adjustments were made, 
since the load could be changed by increasing or de- 

ising the pressure on the shoe. Normal pressure re- 
iired to operate the attachment increases the ioad 
bout 0.2 psi and when used, the recorded strength will 
low by this amount. 
Permeability data cannot be analyzed according to 
methods outlined because the variation is not con- 
nuous. For example, a change of 1 mm on the manom- 
er scale can give a difference of 2 to 450 in permea- 
ility when the large orifice is used. As a result the 
rage and the standard error cannot be given in terms 
the original scale. It is best, therefore, to use the 
nge as limiting values, that is, the highest and lowest 
dings for a series of tests. 
From a study of the test results of 20 different batches 
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L ABLE 5.—RESULTS OBTAINED BY ONE OPERATOR 
WORKING IN [wo LABORATORIES COMPARED TO RESULTS 
OF TECHNICIAN WORKING IN OWN LABORATORY 





NRI Another Another 
Lab Lab 
NRI NRI heir 
lechniciat Technician Technician 
Moisture 5.U2 } 4 +90 
Permeability 2 8 8 
Green Compression 
Strength 31 ) ; ( 








ABLE 7.—EFrrect OF LEVELING SAND IN RAMMER TUBE 
BY INVERTING ON AN EXTRA PEDESTAL) 
ON GREEN COMPRESSIVE STRENGTH 
Sand Leveled Sand Not Leveled 
Average Std. Error Average Std. Error 
Shop Mix 3.49 0359 3.4 03 
Lab. Mix 8.2 072 8.38 0? 





TABLE 8.—EFFECT OF CARELESS RAMMING 
ON GREEN COMPRESSIVE STRENGTH 





Rammer Assembly Dropped 
Standard Error 


Routine Ramming 


Average Standard Error Average 


1.39 019 162 039 





Tl ABLE 9.—EFrFrect or DistortTep TUBE 
ON GREEN COMPRESSIVE STRENGTH 





Combined Results 
Std. Error 


Out of Round Tube 
Std. Error Average 


Round Tube 


Average Std. Error Averag« 
5.38 .026 5.10 028 5.28 0 


5.65 .040 5.31 093 ».48 OG 





TABLE 10.—GREEN COMPRESSIVE STRENGTH 
ON Two MACHINES 





Dietert Type C.P Shot Loaded 





Batch Average Std. Error Average Std. Error 
1 5.18 OR4 455 4 
2 3.92 030 335 090 
3 3.99 053 470 046 
TABLE 11.—CorRRECTION FACTORS Co FOR 


STANDARD DEVIATION 





N Cc N ( N ( N ( 
11 0.9300 ?1 0.9638 55 0.9863 
? 0.5642 12 0.9359 2? 0.9655 60 0.9874 
3 0.7236 13 0.9410 23 0.9670 65 0.9884 
} 0.7979 14 0.9453 24 0.9684 70 0.9892 
0.8407 15 0.9490 ? 0.9697 75 0.9900 
O.B6R6 16 0.9523 4) 0.9748 RO 0.9906 
0.8882 17 0.9551 0.9784 gS 0.9912 
~ 0.9027 18 0.9577 10 0.9811 90 0.9916 
9 0.9139 19 0.9599 45 0.9832 i) 0.9921 
10 0.9227 20 0.9619 0 0.9849 100 0.9925 


N Number of Items in Sample 
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of sand involving 634 tests, permeability was found to 
be very little affected by variations in testing technique. 
The same operator using the same instrument seldom 
varied more than ) units from his first determination 
in the range between 50 and 126, and usually was able 
to work closer than that. The orifice method was used 
in all tests. 

Figure 4, a graph of the data for green compressive 
strength, shows the variation in terms of standard error 
of the mean in psi. The degree of precision possible 
with the present testing apparatus and technique is also 
shown. For the sake of clarity the variations in the 
average from batch to batch are not shown. Variations 
which affect the average values are shown in Fig. 5. 


Variations in Technique 


The graph demonstrates that sand tests can be made 
with more precision than was expected. ‘The causes of 
variation are easily found and eliminated if technique 
is involved. In general, any variation of more than 4 
per cent of the average is probably caused by discover- 
able variations in technique. The A.F.A. Sand Testing 
Handbook permits as much as 10 per cent variation 
from the average for the same test. 

Ihe elimination of variance between laboratories is 
much more difficult because both the testing equipment 
and the human element are involved. Still, much closer 
agreement is possible if each laboratory does its work 
carefully and standards are agreed upon. 

Ihe statistical limits shown in the various tables are 
practical limits based on existing testing equipment. 
The chances are 1000 to ] that anyone competent to 
make sand tests can come within these limits in his 
test results. These limits are not set up on carefully 
controlled experimental data, but on as varied condi- 
tions as were available. 

Statistics point out the causes of discrepancies which 
may be eliminated, and also show the practical and 
economical limits beyond which it is not necessary to 
go. Careful compounding of batches and accurate labo- 
ratory testing will produce better sand in the foundry 
and sources of trouble may be located before scrap 
appears if statistical control is used. 


Conclusions 


1. Shop batches of sand may be duplicated within 
limits but the limits for moisture, permeability and 
strength are greater than the limits for the same mix- 
ture made in a sand laboratory. 

2. ‘Test results are reproducible within close limits 
in any one laboratory if made by the same technician. 

3. ‘There will be variations between tests made in 
the same laboratory by different technicians, and be- 
tween laboratories, but these variations can be reduced 
by adoption of standard practices. 

4. Sand test data are a reliable basis for judgments 
leading to closer control of molding and core sands, 


Recommendations 


1. Specimen tubes should be internally ground and 
honed after hardening. 

2. The cam on the permeability meter should be 
replaced with an improved device for making the 
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Fig. 5—Effect of variables on green compressive strengt} 
of molding sand. 


readings, possibly including sights so that readings can 
be made only horizontally. A vernier scale might be 
useful. Background and lighting of some of the instru 
ments could be improved considerably. 
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DISCUSSION 

Chairman: G. R. GArpner, Aluminum Co. of America, Clev: 

land 

Co-Chairman: K. ]. JAcosson, Griffin Wheel Co., Chicago 

MemsBer: Do you know of any work done to calibrate | 
sand testing equipment which is now used? You brought out \ 
nicely the method for determining precision in a given laborat 
and you did have something to show that between laboratories 
getting checks was more difficult. Have you done any work 
show whether that was the operator's technique or the calibrati: 
of the equipment was not the same in each case and, therefor 
that might be the assignable cause for the variation? 

Mr. Morey: I have done no work to calibrate sand test equ 
ment. I have used proving rings and devices of that sort on lar 
compression testing equipment, and that same technique can 
carried to the sand testing equipment. 

Recently I visited one of the equipment manufacturers 
Detroit, and he had a device for checking compression test 
machines of the size that most of us use. It is a device with a 2 
clearance between the heads and it can be put in the tes 
machine and will enable us to calibrate machines like our g! 
compressive strength machine. 

There is another device which is used for calibrating p« 
ability machines. It consists of a tube with a diaphragm across 
and a small orifice screwed into that diaphragm plate so tha 
will pass a certain amount of gas and give the same effect 
sand specimen in the tube when we make the permeability | 
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ce should be passed around among the various us¢ 
pment, and then they can get an occasional check ot 


chine to see if it is performing satisfact« rily 


H. Ries? Are those tests made in two different labora 
different compression machines? 
More} We used different sand mixers, differet 
the way through. The make of the c npression mac! 
same. One is an earlier model than the other i 
chanisms were different, but the vere the same type 
P 
RIES Are you sure the rate of application of the load 
same in both machines? 
MOREY I am not sure 
RIES That will make a difference 
MOREY In general, if the load is applied m« slov 
s esult will be lower 
RIES Yes. 


I would like to add to the thought on cali 
My work takes me into many 
vet to find two foundries whose instruments are 


E. Woop.irF ? 
of instruments foundries 
in a good 
I repair 
s is not a criticism of equipment or the initial idea in set 
But it the 
ry using the equipment, and to their own disadvantage in 
cases they allowed the equipment to deteriorate. Any of 


ciated with sand control would do well to write into our 


ip sand controls does have a bearing upon 


ons for sand testing, a closer, more detailed method of 
Foundrymen lack much 
the 


testers 


s and maintenance of equipment 


ition on the very thing we are discussing, i.e., to give 
tor a means of calibrating his equipment. Many sand 


to do this but do not have a clear cut method of equip 


Ur ersit Ithaca 


Se e C 


N.Y 


Detroit 


ment maintenance. I do find a lot of instruments which are off 
calibration 

K. S. CARLETON In one of the preced talks the s 
was made that the sand laboratory should e centrally < 

Our sand laboratory is centrally located which means it 
s completely surrounded by heavy machinery such as 1 
chines, cranes and block crushers 

The vibrations caused by this heavy machinery ould make 
us look rather ridiculous in trying t ( e accurate test results 
such as shown in this paper. I fee it s somet! tl 
shou be considered when locating your lal ry 

Mr. Morey I have been in many laboratories ,and the } 
ment varies from poor to good. You have to fin n operat he 
will take pride in his laboratory and in his equipment 1 keep i 
n conditior And even then he needs some ki ot assis cel 
the American Foundrymen’s Association in calibrating that « | 
ment. If he does not have standardized calibration proces c ‘ 
will devise his own, and then each man ne rious laboratori 
will be using different calibration procedure 

Co-CHAIRMAN JACOBSON: We had occasion to put in II ne 
complete units. We found considerable variation in the ne 
even after they were thoroughly checked. These units never had 


been used 
vision 
Mr. Morey 
out one 
idded to the pape 
Association, throug 


should est iblish 


of sand testing 


of the equipment 


mat 
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CALCULATING SIZES OF GATES AND RISERS 


Nathan Janco 
The Centrifugal Casting Machine Co. 
Tulsa, Oklahoma 


[HE DECISION concerning the size of gate or 
riser for a casting in most foundries has been and 
still remains, an art. An oversize riser generally is 
used, with the result that the metal yields obtained 
in foundry practice are relatively low. 

During the past few years various empirical methods 
of gating and risering castings have appeared, in- 
tended to obtain a higher yield and still produce 
castings with adequate feed metal, thus producing 
castings of high quality. A number of means have 
been proposed for calculating the size of gates or 
risers. In general, however, these methods either have 
been too elaborate for general use or have not been 
tried in practice sufficiently to warrant their wide- 
spread use. 

A number of years ago the writer adopted a method 
for calculating the size of gates and risers used in the 
centrifuge and semi-centrifugal methods of centrifugal 
casting. Application of this method has proved to be 
simple and satisfactory, and in a few cases the same 
general method has been applied to static casting 
work with equally successful results. 

The method involves several preliminary assump- 
tions. In the first place, it is assumed that all metal 
poured into the mold arrives there at the same tem- 


perature and that the temperature of mold surfaces 
is the same at all points in the mold. This naturally 
assumes that the mold is all of the same composition— 
without the use of either external or internal chills. 


Uniform Factors Considered 


The above conditions are most closely and usually 
obtained in centrifugal casting where the gate serves 
as a feeder, as well as in the blind-riser method of 
static casting, wherein gating is carried into the riser 
itself. ‘Thus the connection between the riser and the 
casting serves both as a gate and as the feed passage 
In these systems of pouring, the condition that al! 
metal arrive in the mold at the same temperature is 
more nearly achieved. 

The condition actually achieved, however, is that 
the metal farthest from the gate is lowest in tempera- 
ture. The temperature rises progressively toward the 
gate, and the metal in the mold nearest the gate is at 
the highest temperature. This is an ideal condition 
for directional solidification. 

Where such a temperature gradient exists, it will 
be found that the actual size of gates and risers, as 
calculated by the method to be described, will be com- 
paratively small since the method assumes that all 
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Fig. 1 (left)—Sketch of ring casting having 12-in. O.D., 
10-in. I.D., 2 in. high. Fig. 2 (center) —Same ring cast- 
ing shown in Fig. 1, illustrating position of two gates. 
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Fig. 3 (right) —Same casting as in Figs. 1 and 2 illus- 
trating downgate determined as required for feeding 
side gate. Cooling factor is same as for square gat 
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Fig. 4—Cross-section of valve body casting. Size and 
type of gating required can be calculated from the 
dimensions of flange and face. 


metal arrives in the mold at the same temperature. 

In describing this method a term is used which has 
been called the cooling factor, or C.F. The cooling 
factor may be calculated: 

_ Volume of casting 
Surface area of casting subject to cooling 

Thus, by definition, we have a measure of the rate 
at which the casting will solidify. The greater the 
cooling factor, the greater the cooling time for the 
casting. However, most castings do not have uniform 
wall sections, resulting in a condition whereby the 
heavier sections of the casting supply feed metal to 
the thinner sections. Thus, thinner sections are free 
of shrinkage, whereas the heavy sections and less ade- 
quately fed sections may contain shrink cavities. 

[he problem becomes simpler, inasmuch as it is 
necessary to feed only the heavier sections of the cast- 
ing. For this reason risers are used on the heavier sec- 
tions of castings, since these are the sections requiring 
feeding from external sources. In consequence, the 
cooling factor can be more simply defined as: 

CF = Area of section of casting 
' Perimeter of section of casting 


C.F 








For demonstration purposes consider a simple 
example, such as a ring having 12-in. O.D., 10-in. I.D., 
2-in. high, as shown in Fig. 1. The cooling factor of 
this ring is calculated as follows: 

_ 2X1 
CF. = rT. 0.333 

Che result is a relative measure of the time required 
tor the casting to lose heat to its surroundings, or how 
quickly the metal will solidify. 

During the period of solidification, the liquid metal 
inside the casting will decrease in volume and addi- 
tional metal will be required. For a gate or riser to 
supply this feed metal, it is necessary that the gate 
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or riser freeze more slowly than the casting itself. 
Therefore, the cooling factor of the gate must be 
larger than the cooling factor of the casting. 

Assume for the time being that the castings desired 
are to be cast centrifugally. This casting would be 
gated with the gate contact on the inside diameter 
of the casting. From the definition of cooling factor 
and from experience, the gate or riser which will cool 
most slowly has a circular cross-section. However, 
since it is not always practicable in molding to use a 
gate of circular cross-section, the gate used is gen- 
erally of a square and sometimes a rectangular cross- 
section. In this case it will be assumed that a gate 
of square cross-section will be used because, as will 
be shown later, a square has the highest cooling factor 
of all rectangular sections. Thus, if a is called the 
length of the side of the square, the cooling factor 
of the square will be as follows: 


a* a 

ta 1 

The minimum cooling factor for the gate is the 
same as the cooling factor for the casting. Therefore, 


C.F. 


C.F. = 0.333 7 and, 
a = 0.333 X 4 = 1.38 


Accordingly, the minimum length of a is 1.33 in. 
To be on the safe side, the next larger even dimen- 
sion, such as 134 in. (1.375), would be used. 


Fig. 5—For large castings, as in the wheel casting 

shown, it may prove advisable to provide the feed 

metal (C) in the gate itself, with small gates or runners 
radiating from the center. 
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It is evident from this equation that the cooling 
factor of the gate is larger than the cooling factor of 
the casting itself. The cooling factor of the 1% in. 
square gate is calculated as follows: 

.375 
CF.=- = 0.344 

Thus 0.344 is the exact size of gate required to feed 
this casting. It should be noted that the size of the 
gate is determined by the rate at which the gate cools; 
the gate must freeze later than the casting freezes. 


Yardstick for Number of Gates 


It has not been possible to find an exact method 
of calculating the number of gates required for a 
given casting, but experience indicates the following 
as a general yardstick: 

Diam. of Casting 
Up to 12 in. 2 
12 to 18 in. 3 


No. Gates Required 
9 


18 to 24 in. 4 
24 to 30 in. 5 
30 to 40 in. 6 

Thus, for the casting under consideration, two gates 
are required, as shown in Fig. 2. 

The actual number of gates required usually will 
be somewhat less than shown in the above table, since 
a gate will feed an area approximately nine inches 
from each side of its junction with the casting. This 
will be determined to a considerable extent by the 
exact shape of the casting—that is, whether square or 
rectangular. Other factors are section size and amount 
of metal in casting . . . whether the castings are large 
and heavy or small and light. 

The experimental casting described above requires 
a downgate to feed the side gate decided on, as shown 
in Fig. 3. Naturally, a round downgate is used and 
the calculation is as follows: 

Cr. =.+ s 


47D 4 
This results in the same cooling factor obtained for 
the square gate. Thus, the downgate must have a 
larger diameter than 13% in., and a diameter of 114 
in. would be selected. 


Metal in Gates Must Be Adequate 


It is entirely possible that the size of the gate and 
downgate have been properly selected to freeze later 
than the casting but may be so small as not te con- 
tain an amount of metal adequate to feed the casting. 

The shrink rule allowance used in the production 
of patterns represents the amount of contraction that 
takes place in a casting during the time the solidified 
casting cools to room temperature. However, the 
metal also decreases in volume during the process of 
solidification. It is this shrinkage or decrease in vol- 
ume that makes necessary risers or feeders to supply 
the casting with additional molten metal during the 
solidification period. The amount of solidification 
shrinkage is comparatively small for certain types of 
cast iron and brass, higher for steel, and still greater 
for magnesium. 

The height of the downgate must be adequate to 
supply the amount of feed metal required for both 
the casting and the in-gates. 

If this casting were steel, it would weigh approxi- 


CALCULATING Sizes oF GATES AND Ris 


Fig. 6—Amount of 
metal necessary to 
feed a circular riser 
or feeder is the 
same as fora square 
feeder of same di- 
ameter. Cooling 
factors are also 
same. Thus the cir- 
cular gate is to be 
preferred, since 
metal in corners of 
the square serves 
no useful purpose. 
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Fig. 7—Illustrating a method of determining the size 
of adequate gates and risers, based on relative area of 
the gate and the casting, which the author believes 
fallacious since the cooling factors vary considerably. 








mately 20 lb. The volumetric shrinkage of steel is 
approximately 314 per cent; but to be safe, and be 
cause many castings have irregular contours which 
make exact calculation impracticable, a figure of 10 
per cent is used. The total weight of the side gates 
used in this case is 414 lb. Thus a total of 2414 lb. 
requires feeding. Ten per cent of this is approxi- 
mately 214 lb., the amount of metal required in the 
downgate. Since each inch of the 14 in. diameter 
downgate weighs 14 lb., a downgate 5 in. high would 
be required. 

The size of the gates which contact and actually 
feed the casting, and the diameter and height of the 
downgate necessary to feed an adequate amount of 
metal to the in-gates and casting, have now been cal- 
culated. 

In many cases the diameter of the downgate will 
be a figure inconvenient to use in foundry practice. 
For example, instead of a 114 in. diameter downgate, 
a 2 in. diameter downgate could be used. However, 
in this case it would not be necessary to use so tall 
a downgate, since the 2-in. downgate need only be 
2.8 in. or 3 in. tall. A larger gate may always be used, 
because its cooling factor will be larger and thus it 


will solidify later. 


Calculating a Complex Casting 
As another example of a somewhat more compli- 
cated casting, consider a valve body. Here the heaviest 
section is the flange; if the flange can be fed ade 
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tely, the remainder of the valve body will be per- 
[his assumes that the valve body has been 
perly designed from the foundry standpoint, so 
+ directional solidification can ensue when the cast- 
is poured; otherwise pads or chills may be 
iired. 
sure 4 shows the cross-section of such a valve cast- 
It is necessary merely to measure the dimensions 
e flange in order to determine the size and type 
iting necessary. Assuming that the thickness of 
flange is 114 in., with the face 2% in. wide, the 
ing factor is calculated thus: 


C¥.=35 71954257155 °""° 
lo be exact, it would be necessary to subtract the 
. of that part of the casting attached to the flange, 
m the amount of cooling surface which the flange 
yunters. However, if this step is neglected, a safety 
factor is provided for the size of the gate obtained 
ind the calculation is simplified. Thus, the size of 
gate required, calculating as before, would be: 
{ < 0.416 = 1.656. The next larger convenient frac- 
tional size is 134 in. 
[he remainder of the calculations would be carried 
t in the same manner. 


Metal Economy Considered 


It is not always necessary nor economical to have 
the downgate equal to the calculated diameter and 
height to feed the castings as well as the gates. For 
large castings, it may be advisable to provide the 
necessary amount of feed metal (C, in Fig. 5) in the 
gate itself, and to use small gates or runners coming 
back to the center. This is a matter of economy of 
metal. Generally, it is possible to obtain yields of 
more than 75 per cent using these methods. 

It is interesting to note that the amount of feeding 
provided by a circular riser or feeder is exactly the 
same as that of the smallest size square riser in which 
t could be placed, as shown in Fig. 6. 


Area D2 = 
C.F. for circular gate 


Perimeter txD 
Cy Area a? 
for square gate ~—— 
- Perimete} ta 


Where D=the diameter of the circle and 
a =the side of the square. 


For a circle of diameter D and a square of side D, 
the cooling factors are the same. Thus, the amount 
tal in the corners is wasted. 


Adequate Feeding 


Various methods have been suggested for determin- 
ing the size of gates or risers necessary to feed a cast- 
ing, based on the relative area of the gate with rela- 

mn to the area of the casting. The writer believes 
this a fallacy, as shown in Fig. 7. This illustrates two 
sections, one of which (A) is a l-in. square, while the 
other (B) has exactly the same area but is 4 in. thick 

t in. long. From practical experience, foundry- 
men know that the casting or gate with the 14-in. 
thickness will freeze more quickly than the 1-in. square 


QQ 


gate. This is clearly shown by the fact that the cool- 
ing factor for the square gate is 0.25, whereas the 


cooling factor for the 14 in. gate is only 0.1118. 


DISCUSSION 


Chairman: H. A. Scuwarrz, National Malleable & Steel Cast 
ings Co., Cleveland 

Co-Chairman: E. C. Troy, Dodge Steel Co 

J. B. CAINE *: 


author's simplified formula for more complicated castings than 


Philadelphia 


I would like to injeet caution in the use of the 


the very simple rings that were cast centrifugally (Figs. 1 2, 3). 
In steel, at least, many static castings are risered at the heavy 
sections, and in many cases this heavy section is a junction of two 
sections 

The simplified formula using section area and perimeter will 
possibly give information as to the section of the riser required 
but no information as to the volume required; and the volume in 
this case would be established by the height after you have a 
given section. 

It is possible to calculate the riser size, using a more compli 
cated formula involving surface area and volume of both casting 
and riser. Determine the minimum riser volume required for 
adequate feed metal. So that the riser remains liquid until the 
casting freezes. To do this I think you must bring in a value or 
factor denoting volume before you can riser scientifically 

Such a relation, although more complicated than the one given 
by the author, is applicable to all shapes, and is not too compli 
cated to be used in a foundry. On rings (Fig. 1, 2, 3) with high 
surface area, a ten per cent riser volume factor may be sufficient, 
but the minute you get a chunkier casting, one with less surface 
area, the riser size required increases tremendously 

I do not think that ten per cent riser volume is sufficient for 
all jobs, for very rangy jobs with high surface area. When you 
get into a little more chunky casting, such as a gear, ten per cent, 
I assure you, is not enough even though it be cast centrifugally 

The table on P. 298 for the number of risers or gates required 
to feed a given size casting implies that a gate or a riser will feed 
a section four to eight inches away from that riser or gate. Does 
that mean that the size of the section does not mean anything? 
To me the size of that section becomes important, and until we 
know the relationship between distance of feeding, and not only 
section size, but section shape, I do not think any definite arbitrary 
statements as to how far a gate or riser will feed can be made. 

C. W. Brices?: I would like to suggest to the author, that he 
not use the word gate in connection with his paper. It seems to 
me he should use the term feeder and that the title of the paper 
should be “Calculating Sizes of Feeders and Risers.” A study of 
the calculation of gates from the standpoint of flow of metal is 
entirely a different proposition than when the gate is used as a 
feede 

Since the paper was based on a simple method of calculation, 
which in my opinion is not very good, I should like to suggest the 
use of even a simpler method suggested by the author, namely, 
the practice of using inscribed circles as prescribed by Heuvers 
and applying 15 per cent increase. Please understand that | 
realize that this simplified method is far from the correct way of 
calculating the size of risers but in my opinion neither is the one 
proposed by the author. Since a directed, intelligent guess is the 
most that can be obtained by such a formula why not use the 
quickest and most convenient. 

Mr. Troy: The thing that I find wrong with the simplified 
formula of either Mr. Janco or Mr. Briggs is that they are of no 
use on anything but the simplest of sections. Neither formula can 
evaluate where there is a difference in cooling rate due to a limited 
volume of coolant (sand) as in a sharp angle or corner. 

One can produce sections such as L, T, Y. X having a like 
inscribed circle but all will require different riser sizes. Assuming 
a relationship between surface area and volume, of riser and cast- 
ing sections, will serve a purpose for very simple sections such as 
the plate or cylinder but becomes inadequate in such cases as the 
T, Y and X-sections. 

Mr. Caine: I think Mr. Troy is confusing two things. He is 
talking about inscribed circles; and using Mr. Briggs’ 15 per cent 
increase, with Mr. Janco’s formula will give the minimum section 


1 Sawbrook Steel Castings Co., Cincinnati 
2 Steel Founders’ Society, Cleveland 





300 


size of the riser. That is one dimension of the riser. Then, what 
we still do not know is the volume of metal required in that riser, 
requiring another dimension, and that involves more complicated 
calculations but, again, the volume of that riser will be in pro- 
portion to the surface area and in that respect, to the cooling rate 
of the casting, of the individual casting and each casting is dif- 
ferent. 

Mr. Troy: The freezing rate is established by the amount of 
sand and the amount of metal, but when you put a gate or a riser 
on that section, you have taken away part of the coolant, and when 
you remove the coolant you have more than just increased area. 
These inscribed circles are only part of the story. 

Mr. JANco: I agree in essence with practically all of the 
remarks made by the discussors. At the present time most foundry- 
men produce castings in great tonnage by, practically speaking, 
hit and miss methods. Foundrymen use no gage, no method except 
an experience factor, which is very important, for determining the 
sizes of risers. Incidentally, I used the word “gates” and that was 
used because it is the custom. The use of the word “gate”’ is abso- 
lutely incorrect 

Because of the fact that that is the average situation for the 
bulk of the castings produced, the method for determining the 
size of the gate is by no means to be considered the ultimate of 
achievement for deciding how we should gate or riser a casting. 
However, if we should wait a number of years until we have 
developed the proper method of doing this and have put it forth 
for use by all foundrymen, an appreciable length of time 
will have passed. If in the meantime we can use, let us say, a 
crude method of performing the same function in possibly a crude 
fashion we will have done something for the average foundryman, 
not the foundryman who has a highly technical education, but the 
average foundryman who is making the castings every day. So it 
was for this purpose that the information was presented. This 
information should be used in conjunction with the experience 
the foundrymen have on a number of problems we have to use 


judgment. 
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I wish to point out again that the paper was not to be 
sidered the final word on gating and risering of castings. | 
to be something for the average foundryman to be able t 
some money in his everyday work of gating and risering cas 

Mr. JANcO (author’s closure): Apparently the paper h 
been clear in presenting the meaning of Cooling Factor 
cooling factor is a measure of the rate of solidification of a « 
or of a particular section of a casting. If the same measure is 
to decide upon the size of the gates or feeders it will logically give 
a size of these feeders in proportion to the casting itself. Pa 1 
larly because both casting and feeder are subjected to the m 
mold material to which they lose heat. Thus heavier castings wit} 
relatively small surface cooling area will solidify more slow] 
require larger feeders proportionally. 

A separate and distinct problem is the amount of shrinkage of 
the metal during the change from a liquid to a solid. This 
shrinkage is a function of the particular metal. This shrinkag 
for steel is approximately 314 per cent. Theoretically, we would 
have to provide feeders having a volumetric content of 31, 
per cent of the casting weight. However feeders of such smal 
size would not be large enough to meet the size called for by our 
cooling factor calculations. Also, shrinkage takes place in the 
feeders themselves. Hence the recommendation that the feeders 
weigh at least 10 per cent of the weight of the casting. This 
represents a 90 per cent metal yield. In actual practice meta 
yields vary from 65 to 93 per cent, 75 per cent being a genera 
average. 

It is normal foundry practice to locate feeders so that they 
do not cause a “hot spot.” Accordingly, one would certainly not 
deliberately place a feeder connection at such a location on a 
casting as to cause a hot spot. In the case of cross-sections or T 
sections, the feeder of the calculated size, would be placed adjacent 
to the hot spot in such a manner as to further directional solidifi 


cation 





plo 
1S T¢ 
con 
iS ul 


flak 


tenc 














REDUCTION IN CHILLING TENDENCY THROUGH 


SILICON 


OF GRAY 


CARBIDE INOCULATION 


CAST IRON 


By 


E. A. Loria. H. D. Shephard. 


and A. P. Thompson * 


iBSTRACT 


rmal chilling tendencies of unalloyed and alloyed cast 
be controlled with silicon carbide inoculation. In the 


part ur irons considered in this investigation such treatment 
in improved chilled surface structure in which the pri- 
mar irbides are much finer and uniformly dispersed. Of 


hortance is the fact that silicon carbide inoculation 7e- 
depth of chill and provides a shortened mottled zone 
ns. The beneficial effect is clearly portrayed by 
craphs which are representative of the types of struc- 
ned in the usual chilled iron as compared with the 
ntaining the silicon carbide addition. The struc- 
ement of the white iron wear resistant surface backed 
iratively narrow zone of finely dispersed mottled iron 
marked improvement in physical properties. 


REDUCING THE TENDENCY Of cast iron to chill is 

ne of the primary requirements of a successful inocu- 

[he tendency of cast iron to become hard, brit- 

and unmachinable upon rapid cooling, 1e., the 

ction sensitivity of cast iron, has undoubtedly been 

1 major obstacle in the production of iron with opti- 

mum physical properties. Obviously, this chilling 

ndency of cast iron must be drastically reduced be- 

fore the foundrymen can adequately consider the most 
suitable irons for given applications. 

[he effects of inoculation are attributed primarily to 
the action of the inoculant upon the graphite in the 
iron. Inoculants are not used generally for control of 
the amount of graphite, except in cases where it is em- 
ployed to control chill. The amount of graphite usually 
is regulated by adjustment of chemical composition and 
control of cooling rate. The main effect of inoculation 
is upon the size, shape, and distribution of the graphite 
flakes. By controlling the graphite, inoculation also 
tends to eliminate ferrite and thus promotes develop- 
ment of a uniform pearlitic matrix. 

Before any attempt can be made to utilize cast iron 
lesigned to give optimum physical properties, assur- 
ince must be had that thin sections or rapidly cooled 
sections will not chill, with consequent lack of machin- 


* Of the authors, E. A. Loria and A. P. Thompson are Fellow 
inc Senior Fellow, respectively, Multiple Fellowship on Abra- 
sives sustained at Mellon Institute, Pittsburgh, Pa., by The Car- 
orundum Company, and H. D. Shephard is Metallurgist, Kerch- 

Marshall and Company, Pittsburgh, Pa. 


ability and decreased shock resistance. The chilling 
tendency exhibited by the untreated and inoculated 
irons is therefore of primary interest. 


Silicon a Potent Chill Reducer 


Massari * has discussed the effects of various elements 
in reducing the depth of chill. Silicon is the most widely 
used element in this respect, and, although the reduc- 
tion in the depth of chill with increase in silicon is not 
a straight-line relation beyond 0.90 per cent silicon, it 
is practically so when the silicon content of the iron is 
less than 0.90 per cent. Silicon has no apparent effect 
on the grain structure of the chill, except that as the 
silicon is increased the depth of chill becomes less, and 
coincidentally therewith, the columnar grain structure 
is minimized. This result, however, is not the direct 
effect of the silicon on the grain growth but rather is 
attributable to the fact that, with lesser depth of chill, 
the dendrites are unable to grow as long. 

Within the limits of chill formation on a casting, sili- 
con does not appear to influence either the hardness of 
the chill or its wear resistance when subjected to abra- 
sion tests. Carbon exerts a pronounced influence on 
the depth of chill produced in a given casting and is 
almost as effective in this respect as silicon.?, Compara- 
tively small quantities of amorphous graphite, added 
to the ladle just prior to filling, will substantially re- 
duce the depth of chill in the resulting casting. The re- 
action with the molten metal is probably twofold: first, 
one of deoxidation, and secondly, but more important, 
it supplies the nuclei for subsequent graphite precipita- 
tion during solidification. 


Silicon Carbide Used 


The marked beneficial effects of specially processed 
briquetted silicon carbide as a deoxidizer and as an in- 
oculant have been recognized.* In fact, many foundries 
have employed it successfully in the production of cast 
iron with uniform physical properties, improved ma- 
chinability, and good (random) graphite distribution. 
A paper describing its effect on the quality of iron used 
for automotive castings has been published. The 
purpose of the present paper is to provide evidence of 
its effectiveness in producing uniform chilling char- 
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acteristics, resulting in improved physical properties 


and machinability. 


Experimental Procedure 


In order to reveal the chilling tendency in cast iron, 
two general methods may be used. First, the fracture 
of chill test wedges will show the influence of any ele- 
ment on the chilling tendency and will provide a cross- 
section for the measurement of the overall chill. Sec- 
ondly, a study of the microstructure of chilled iron at 
various positions below the chilled surface can be em- 
ployed as a means of predicting the probable physical 
properties as in the case of steel. This test is more sen- 
sitive in that it will provide quantitative evidence of 
the type of chill existing at the surface and the extent 
of the mottled zone between the chilled surface and 
the gray iron interior. Thus it becomes evident that 
improvement in the properties of chilled iron entails 
the modification and coincident improvement of not 
one but three different microstructures within the same 
casting, and that the use of an inoculant must be di- 
rected so as to modify beneficially the entire microstruc- 
ture simultaneously and not one to the detriment of 
the others. 

The present investigation considers both methods 
with particular emphasis on the second. In order to 
evaluate the effect of silicon carbide on unalloyed iron, 
a comparison has been drawn between two commer- 
cially made chilled iron wheels, the actual cross-sec- 
tions of which are shown in Fig. 1. The ladle analysis 
of the untreated iron was 3.68 per cent total carbon, 
1.44 per cent silicon, while that of the silicon carbide 
inoculated iron was 3.83 per cent total carbon, 1.40 per 
cent silicon. It is evident that the ladle analysis of 
the inoculated iron is 0.15 per cent higher in carbon 
and 0.04 per cent lower in silicon, but this is not con- 
sidered to be of practical significance in the microscopic 


Fig. 2—Comparison of chilled structures in untreated 
and silicon carbide inoculated unalloyed iron at 50 
diameters. Left, untreated iron. Analysis: 3.68 per cent 
T. C., 1.44 per cent Si. Right, silicon carbide inocu- 
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Fig. 1—Etched cross sections of unalloyed chilled ir; 
wheels. Left, treated with silicon carbide, right, un- 
treated. Actual size. 


examination of the 114 x 13{ in. cross-sections in view 
of the known fluctuations in chemical analysis of cast 
iron. 

Both types of iron were made in the same cupola by 
the usual melting practice, except that, in the case of 
the silicon carbide treated iron, briquettes in the 
amount of | per cent of the 2000 lb. charge were added 
in the cupola, and some adjustment, such as the addi- 
tion of more scrap or the use of a lower silicon pig 
iron, was made in the charge to allow for any silicon 
pickup. 


Charge Contains Silicon Carbide 


In using silicon carbide in the cupola melting of 
iron, the addition is made directly to the charge be- 
cause solution is more readily effected than where the 
addition is made to the metal in the ladle. If the silicon 
carbide is properly briquetted, it remains intact until 
it reaches the melting zone. There the briquettes disin- 
tegrate and the silicon carbide goes into solution in the 
molten iron, the subsequent reactions resulting in the 
deoxidation and inoculation of the iron. The mechan- 


lated iron. Analysis: 3.83 per cent T. C., 1.40 per cent 

Si. Fig. 2a, 2b—chilled surface; Fig. 2c, 2d—\% in. be- 

low chilled surface; Fig. 2e, 2f—14 in. below chilled sur- 
face; Fig. 2g, 2h—3% in. below chilled surface. 
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Fig. 3—Microstructure of unalloyed chilled iron at 500 
diameters. A, untreated, B, inoculated with silicon 
carbide. 


ism of silicon carbide inoculation is beyond the scope 
of this paper; suffice it to say that fine graphite nuclei 
in the molten metal are produced which promote the 
formation of the random type graphite. Due to the 
large number of nuclei formed, the graphite flakes are 
of moderate size and uniform distribution. A discus- 
sion of the thermodynamics involved is contained in 
another paper.® More complete details of the melting 
process and cupola operations will be found in a paper 
to be published later. 

Next, to study the effect of silicon carbide inocula- 
tion on alloyed chilled iron, examination was made of 
several chill test wedges and tensile bars of brake drum 
iron possessing a nominal chemical analysis: 3.50 per 
cent total carbon, 2.10 per cent silicon, 0.90 per cent 
manganese, 0.70 per cent molybdenum, 0.72 per cent 
chromium. In this particular application, a comparison 
was drawn between the cupola addition of silicon car- 
bide briquettes (in the amount of 1 per cent of the 
charge) and the combined ladle additions of 75 per 
cent ferrosilicon and a proprietary alloy containing 
silicon, manganese and chromium. This alloy was used 
in both iron mixtures to meet the specified chemical 
analysis, but the amount was cut in half when the sili- 
con carbide addition was made in the cupola. The 
two iron mixcures were made according to identical 
practice except for the inoculating procedures speci- 
fied above. The chemical analysis of the untreated iron 
was 3.51 per cent total carbon, 2.11 per cent silicon and 
that of the silicon carbide inoculated iron was 3.49 
per cent total carbon, 2.12 per cent silicon. 

In order to justify the presentation of the micro- 
structural data as being representative of the sections 
considered, six cross sections each of both types of un- 


alloyed iron, taken at widely spaced intervals in the 
respective castings, were subjected to the same metallo 
graphic examination. The same differences in struc. 
ture were evident as those shown in Figs. 2 to 4. Sim- 
ilarly, a total of twelve chill test wedges were examined 
and exhibited the same differences in structure as areé 
shown in Figs. 5a to 5f. 


Discussion 


Chilled iron wheels and brake drums, although be- 
ing poured from metal having a uniform composition 
may, in their finished form, contain metal of widely 
divergent composition and physical properties. When 
a casting is poured against a chiller, the contact sui 
face is first to solidify, then the metal immediately 
under it, namely, the mottle, and finally the gray iron 
interior. Differences in the time of solidification in 
the various parts of the same casting result in three 
types of metal: the chill proper, in which practically 
all the carbon is in the combined state (largely in the 
form of iron carbide) ; the mottled iron immediately 
under the chill, containing some graphitic or free car- 
bon; and the interior of gray iron possessing the usual 
ratio of combined and graphitic carbon characteristic 
of ordinary gray iron castings. 

A comparison of the representative chilled iron sur- 
faces of the unalloyed iron wheels is made in Figs 2 
and 3. It is obvious that the silicon carbide inoculated 
iron has a much finer primary carbide structure than 
the untreated iron, which contains extremely coarse 
massive primary carbide and a highly dendritic struc 
ture with marked planes of weakness along which fail- 
ure can propagate. Failure of chilled iron castings duc 
to impact blows struck in a plane parallel with the 
grain of the metal is much more prevalent in coars¢ 
grained metals than fine grained ones. The refining 
action provided by silicon carbide inoculation is such 
as to produce a carbide structure which is known to 
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t—Comparison of graphite structures in untreated iron. Analysts: 3.83 per cent T. C., 1.40 per cent Si. Fig. 
stlicon carbide inoculated chilled iron at 100 diam- fa, 4b—1% in. below chilled surface; Fig. 4c, 4d—1 4 in, 
Left, untreated iron. Analysis: 3.68 per cent T. below chilled surface; and Fig. 4e, 4f—8% in. below 


1.44 per cent Si. Right, silicon carbide inoculated chilled surface. 
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Fig. 5—Comparison of chilled structures in untreated 
and silicon carbide inoculated brake drum iron at 50 
diameters. Analysis: 3.50 per cent T. C., 2.10 per cent 
Si, 0.90 per cent Mn, 0.70 per cent Mo, 0.72 per cent 
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Cr. Left, untreated iron; Right, same iron inoculate 

with silicon carbide. Fig. 5a, 5b,—chilled surface; 

5c, 5d—beginning of mottled zone; and Fig. 5e, 5f 
below chilled surface. 








in se eS 











, Loria, H. D. SHEPHARD AND A. P. THOMPSON 
vn a marked improvement in physical properties 
but a very small loss in hardness or loss in wear 


ince.? 


Short Mottled Zone 

Figs. 2c to 2h comparative photomicrographs 

from identical relative positions as to distance 
the chilled surface are shown. The significant 
t to be noted here is that the mottled zone of the 
, carbide inoculated iron is short compared to the 
ated iron, thus providing a good backing for the 

Inasmuch as the mottled zone in the latter is 
ind coarse, it will not provide the chill with as 
a backing as in the case of the silicon carbide in- 
ited iron. 

\ shortened mottled zone is important because it is 

weakest area in the structure and the most likely 

, where cleavage can occur. Therefore, by decreas- 

the mottled zone, an overall stronger iron in the 

e zones, chill, mottled and gray iron, is insured 

\t each distance below the chilled surface, the amount 

f primary carbide is less in the case of the silicon car- 

bide inoculated iron and its tendency to form in a much 

finer and uniformly dispersed manner rather than in 

a dendritic columnar structure is quite evident. At the 

same time, the beginning of graphitization in the form 
f small clusters of graphite carbon is observed. 

\ comparison of the graphite patterns of the two 
irons at a magnification of 100 diameters is presented 
in Fig 4. The greater amount of graphite and its bet- 
ter distribution in the inoculated iron are evident at 
each point of the comparison—particularly at the dis- 
tance 34 in. below the chilled surface where the un- 
treated iron still possesses a fine interdendritic graphite 
pattern, rating 7D, 6E, while the silicon carbide inocu- 
lated iron has attained a more random type of graphite 
with uniform distribution, rating 5A. 

Che influence of undercooling on the graphite pat- 
tern of gray cast iron has been adequately described by 
Schneidewind and D’Amico.? Their data prove that 
the lower the solidification temperature, the finer will 
be the graphite and the greater the tendency for a eu- 
tectiform pattern. Still greater degrees of undercooling 
will inhibit the precipitation of graphite to form mot- 
tled and white irons. It is obvious from the study of 
the microstructure of the unalloyed chilled iron wheels 
that silicon carbide inoculation has actually improved 
the overall physical, properties owing to its ability to 
forestall undercooling and to promote a better distri- 
bution of the graphite pattern. In other words, it has 
reduced the tendency to form a deep chill with its 
attendant undesirable graphite distribution pattern. 


Alloy Chilled Iron 

Che effect of silicon carbide inoculation on the chil- 

g tendency of an alloyed chilled iron is illustrated in 
Fig. 5. The securing of hard, wear-resistant surfaces 
comparatively heavy sections by control over the 
ron composition is difficult because of the close limits 
iired. Even under excellent operating conditions, 
riations in composition produce marked variations 
lepth of chill and sometimes even mottling of the 
ir-resistant surface, which may then subject the 
piece to rejection. In this particular brake drum iron 
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considerable amounts of chromium and manganese 
were used to stabilize the pearlitic carbide so that in 
the heavy sections the cementite of the pearlite would 
not decompose into graphite and ferrite. Also, addi 
tions of molybdenum and chromium were made ma 
terially to refine the as-cast columnar structure of the 
chilled surface. 

Figure 5a is typical of the chilled surface of the 
untreated iron. The structure contains primary cat 
bides in a highly dendritic structure possessing defi- 
nite freezing lines along which failure can propagate. 
Similarly, and at the same magnification, Fig. 5b is 
typical of the silicon carbide inoculated iron. It is 
quite apparent that the primary carbides are much 
finer and uniformly dispersed. The structure is devoid 
of marked columnar tendencies and planes of weak- 
ness along which failure can readily progress. Further- 
more, such structural refinement is known to impart 
improved physical properties in the iron. 

In the case of regular chilled iron possessing a 
coarse dendritic structure, the practice to improve 
physical properties has been to heat treat at relatively 
high temperatures (1500-1600 F) to accomplish the 
partial re-solution of coarse primary carbides with 
their subsequent re-precipitation on cooling so as to 
produce a fine and more uniform grain structure in 
the chill.* Figures 5c and 5d represent the structures 
of the two irons at the beginning of the mottled zone, 
and Figs. 5e and 5f the structures obtained | in. below 
the chilled surface in each iron. The importance of 
silicon carbide inoculation is readily evident in a 
comparison between these photomicrographs. The 
mottled zone of the untreated iron is long and coarse 
and persists even to a point | in. below the chilled 
surface, whereas the silicon carbide inoculated iron, 
at the same relative position, is devoid of a mottled 
structure. 

It is known that when the mottled zone is long and 
coarse it will not provide the chill with a good back- 
ing. In the silicon carbide inoculatéd brake drum 
iron, the gradual transition from white to gray iron is 
a relatively short one which does not involve the 
presence of a long coarse mottled zone between the 
chilled surface and the gray iron interior. Failure of 
chilled iron castings because of impact blows struck in 
a plane parallel with the grain of the metal is much 
more prevalent in coarse-grained irons than in fine- 
grained ones. Furthermore, the need of heat treat- 
ment for the refinement of structure and improve- 
ment of the physical properties is not necessary in the 
case of the silicon carbide inoculated iron. 

In order to compare the relative qualities of the 
two alloyed iron mixtures tensile test bars were pre- 
pared and tests’: made according to ASTM standard 
specifications. The results of these tests indicated 
that the inoculated iron possessed an average tensile 
strength of 39,500 psi. compared to 33,900 psi. for the 
untreated iron; the Brinell hardness was 220 com- 
pared to 230. A significant area of each bar was ob- 
served microscopically in order to justify a compari- 
son between the respective microstructures. It was 
observed that, while the graphite distribution in both 
irons was similar, a very noticeable difference in free 
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carbide separation was evident. The untreated iron 
had large areas of coarse free carbide spread through- 
out the entire cross-section, while the silicon carbide 
inoculated iron had only a few isolated, comparatively 
small free carbides spread at random. ‘The preponder- 
ance of free carbide in the untreated iron provided the 
higher hardness which was obtained. 


Summary 


1. In the present paper, the ability of silicon car- 
bide inoculation to reduce the chilling tendency, to 
improve the overall physical properties, and to pro- 
duce a final cast iron of uniform character is dis- 
cussed with particular reference to a commercially 
made unalloyed iron possessing a total carbon content 
in the range 3.68 to 3.83 per cent and to an alloyed 
brake drum iron analyzing 3.50 per cent total carbon. 

2. The normal chilling tendencies of unalloyed 
and alloyed chilled irons can be controlled with sili- 
con carbide inoculation. In the particular irons con- 
sidered in this investigation, silicon carbide inocula- 
ton produced an improved chilled surface structure 
in which the primary carbides are much finer and 
uniformly dispersed. The chill is devoid of a highly 
dendritic structure with its attendant planes of weak- 
ness along which failure can propagate. The refining 
action provided by silicon carbide inoculation is 
such as to produce a carbide microstructure which is 
known to possess improved physical properties. In 
chilled iron this means maximum toughness, strength 
and resistance to impact. 

3. Of equal importance is the fact that silicon car- 
bide inoculation has reduced the depth of chill and 
provided a shortened mottled zone in both irons. Thus 
resistance to spalling from thermal or mechanical 
shock has been materially increased. Furthermore, the 
need of heat treatment for structural refinement and 
improvement of physical properties is not necessary 
in the silicon carbide inoculated irons. 
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DISCUSSION 


Chairman: H. BorNsTEIN, Deere & Co., Moline, III. 

Co-Chairman: J]. E. Bowen, Chevrolet Gray Iron Foundry, G: 
eral Motors Corp., Saginaw, Mich. 

Dr. A. FE. SchunH1: Will you please define the term “inocula 
tion” again. It is unusual to define as inoculation a procedure of 
melting in which an addition agent is melted with the charge i) 
the cupola which is then directly cast off. This is contrary 
generally accepted ideas. 

CHAIRMAN BornsTEIN: Dr. Schuh brought up a good point o 
nomenclature. According to the A.S.T.M. definition, inoculants 
are added to molten cast iron. 

D. F. Lunsrorp?: The carbon content in the unalloyed iro; 
was 3.68 per cent while the carbon content in the inoculated iro: 
was 3.83 per cent. What, in the opinion of the authors, would [ 
be the affect of higher carbon content in the unalloyed iror 
toward producing the same chill tendencies as that obtained i1 
the inoculated iron? 

Mr. Loria: As a general rule, all other conditions being the 
same, the tendency to chill increases with decreasing total carbor 


content. The figures quoted for the unalloyed cast iron are lad| n 

analyses and do not really represent the actual carbon contents 

in the several metallographic samples at the point of examinatior ” 
We believe that the addition of a strong deoxidizer such a \\ 


silicon carbide to a cupola iron mixture can be correctly terme: 
inoculation for deoxidation and inoculation are interrelated ph 
nomena. In any event, the significant aspect of the inoculatior 


process is not really manifest in the time or manner of the add he 
tion but in the beneficial results achieved. : 
The addition of silicon carbide during melting of the charg: o1 


in the cupola effects a marked decrease in the dissolved oxyg: 
in the iron which is a carbide stabilizer and therefore a chil! i 
ducing element. This reduction in chilling tendency is accon 


panied by the elimination of fine undercooled graphite for no ce 
mal cooling rates and its replacement by flake graphite wit! fe 
significant improvement in physical properties of the iron. [hi - 


general viewpoint of the authors with respect to the relationshi 
of deoxidation and inoculation is substantiated by the recent co! 
tributions of Somers and Gunther’ and Morrogh and Williams 


rhe reduction of chill depth by the use of silicon carbide cai 
then be explained partially on the basis of deoxidation. In add ra 
tion, silicon carbide as a graphitizing inoculant can also functi ad 
as a nucleating agent in the melt. Nucleation o fthe melt mer 
affects the number of centers at which eutectic crystallization 


gins, and as this determines the size of the eutectic cells it has a! _ O} 


tha «) als 


indirect effect on graphite size. Boyles1® has demonstrated i 

the eutectic cell size is greater and that these cells are much !e DI 

numerous in undercooled irons than in flake graphite irons. I! al 
th 


number of eutectic cells in a given sample precisely indicated U a 
number of centers at which eutectic crystallization beg I sites 
undercooling occurs owing to the absence or deficiency of 
then fewer eutectic cells are to be expected. pre 





1U. S. Pipe and Foundry Co., Burlington, N. J. 
* Perfect Circle Corporation, New Castle, Ind. 











{BSTRACT 


1uthor discusses the need for and desirability of continuing 


nventional apprenticeship training programs. “Learner” o7 
programs cannot supplant the well-rounded indentured 
ticeship program. It should not be altered by the varying 


economi situation. 
EVERY WAR, in which our nation has been in- 
d, has called the apprentice away from his bench 
ind has brought short-cut and substitute training 
thods into play. 

- \fter each war period there has been doubt raised 
more than a few that apprenticeship would ever re 
ror r, and many reliable and informed businessmen 
ressed their feelings that the quick training methods, 
tilized during the war period, would prove bette 
adapted to meet the manpower needs of a more highly 

id mechanized postwal industry. 

Yet, after each war, apprenticeship not only recovered 
but increased in numbers, quality, and importance. 
World War II’s post-era will be, in the author's opinion, 

exc puion. 

\merican industry swung into the late "30s spear- 

eaded by a full, quality apprenticeship program, and 
a foreman group heavily made up of apprentice pro- 
rg gram graduates. But onto this apparently sound situa- 
tion certain foreboding shadows fell. Upgrading of re- 
cently graduated apprentices to foremanships was pro- 
ceeding too rapidly; the important 5 to 10 years of 
seasoning after training” was skipped—these new fore- 
nen were not ready and many failed; some relied on 
cockiness to cover inexperience and hurt their prestige 
in the eyes of their men; others were so timid and not- 
ire that their departments ran away with them. The 
rapidly increasing business volume allowed plants to 
| many apprentices, as each month passed, and the 
work hours shortened the training period and 
ned up many more places for new apprentices. This 
» had the bad effect of graduating boys with the 
per number of job-hours but not the proper number 
zrowing-up hours. Finally, the pressure of getting 
t the work and the scarcity of manpower did not 
»w the usual careful selection of apprentices and the 
sure of unqualified young employes in plants to get 

n apprenticeship was considerable. 

Che end-result of these unsound events was sus- 
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pended for five years, as most of the pring iple charac 
ters went to war. 

As 1941 moved into *42, and "42 pushed into "43, an 
entirely new training program first supplemented and 
then replaced the pre-war apprenticeship program. 

Machine operators, and foundry technicians, usually 
furnished from the apprenticeship ranks had to be 
made in greater volume, and more quickly than the 
formal plan could supply them. Companies installed 
the “learner” or “trainee” program. Operators were 
trained for one type of operation in 6 to 18 months 

During this period, all the basic fundamentals of 
true apprenticeship were missing. ‘The ages of these 
learners varied from 16 to 40; while the ages of our 
pre-war apprentices was 18 to 22. Only a verbal unde 
standing existed between trainee and employer; absent 
was the formal contract and a supervising state agency 
Pay scales were close to the bracket minimum of the 
job, instead of an independent wage scale set up strictly 
as a training compensation. School hours were at a 
minimum and usually handled by an in-plant program, 
instead of being a large and important part of the pro 
gram conducted by a community educational institu 
tion. Strangest of all differences—our new “employes 
in training’ wore slacks or dresses. 

No one can doubt that the war program did its job 
people were at least trained well enough to turn out 
a record production. Some will say it was due to “force 
of numbers” rather than skill or quality. Some will say 
it was the repetitive nature of the work that saved the 
day. There may be some truth to these statements, but 
a good job was done. 

During the war period, many well-respected men of 
industry and training made quite definite statements 
that we would never go back to apprenticeship training 
as we knew it; and they gave their reasons: 

1. The short-term training program had produced 
operators capable of doing the expected job. 

2. Industry, and its mechanisms, had become so 
standardized and simplified that the need for initiative 
and decision was limited. 

3. Production-line type operations and standard 
“long-run” jobs gave little opportunity for mechanics 
to move from one operation to another, or to handk 
a variety of work, or the need for this ability 
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4. Young men, with the necessary schooling to enter 
apprenticeships and trained so thoroughly in them, 
would never be willing to remain “just machinists, 
molders, pattern makers,” etc. 

5. The restless spirit of the postwar era, and the age 
of the returning veteran, would work against a settling- 
down to the serious business of, and temporary sacrifice 
of, apprentice training. 

Still, there were some who disagreed with this fatalis- 
tic viewpoint and saw a return to actual pre-war appren- 
ticeship programs. 

Neither group was entirely correct, but this latter 
view was more nearly accurate. We are now nearly 
18 months from V-] Day and we seem headed for a 
completely normal period in the training field and a 
re-establishment of pre-war apprentice standards: 
Training directors moved towards the re-establishment 
immediately after peacé—they were aided by govern- 
ment subsidies to the veterans (something which was 
later to rebound); they were further aided by healthy 
industrial activity and overcrowded schools; on the 
other hand, they were handicapped by the “52-20 Club” 
spirit and the rise of the fake programs and conspiracies 
between some employers and veterans to obviate the 
G.I. Bill of Rights. The latter resulted in restrictions 
and cuts in benefits which retarded the return to normal 
apprenticeship by forcing many veterans to drop out 
of the training programs. Besides those who entered 
on training programs for the first time, there were those 
boys whose programs were disrupted by the war, and 
those high school graduates who could not get into 
colleges and hence turned to apprenticeship to further 
their education. These groups were sufficient in num- 
ber to fill most plants’ needs. 

In December, 1946, some 50 training directors of 
leading American industries met in New York to discuss 
apprenticeship, to take stock of the program, and to dis- 
cuss its future. No one winked at the problem we faced, 
but still all expressed complete faith in the apprentice- 
ship program and confidence that the war had done 
nothing to seriously alter our conception and “plan 
of training.”” There was some concern over the attitude 
of those returning veterans who seemed to prefer the 
52-20” clubs to work, some concern over the young 
men who failed to see the value of the apprenticeship 
future in view of high wage jobs which were so plenti- 
ful; some concern over the rapidly rising cost-of-living 
which was working great hardship on the fixed-income 
training programs. 

Against these obstacles, there were many bright rays. 
Industry needed many well-trained men and the op- 
portunities in top administrative and supervisory posi- 
tions were many. The number of good young men 
applying was quite satisfactory. Management was more 
interested in, and more solidly behind, these training 
programs than ever before; and training directors were 
eager and enthusiastic. 


In passing it is interesting to note that this confer- 
ence group was almost unanimously opposed to short- 
ening the standard programs, but instead favored mak- 
ing their programs better, more intensive, and to 
include new subjects and hours devoted to manage- 
ment problems, business economies, etc.; and in this 
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way take advantage of new training methods 
visual education, technical short-cuts, war proced 

The writer previously mentioned that the 50 | 
ing directors saw certain obstacles endangering 
future of apprenticeship. These obstacles took th« 
of “things to prevent” and “things to be done”’ i 
interest of training programs. Apprenticeship is s 
on its way to normalcy, but in order to make sur 
it reaches this healthy goal, we must take some aflirna 
tive action and avoid dangerous errors of the pas 

1. Continue to keep apprenticeship distinct | 
learner programs and regular shop jobs—holding s: 
ly to the plan of moving the apprentice from one 0} 
tion or phase of work to another and giving the boys 
plenty of attention and keeping them always aware of 
their favored position. Some companies have allowed 
their apprentices to become mere production workers 
under the department foreman. 

2. In view of the earnings’ sacrifices made by | 
apprentice, we must give other compensations—oppor 
tunities for learning and for information not availab| 
to other employes. 

8. Selection must be strict, maintenance of standards 
by the apprentice must be watched, and those who fail 
to stand up to the program must be removed befor 


graduation. 

4. Apprentice graduates must really have opportu 
nity in our companies so the proper incentive is ther 
for those in training—we must do everything possible 
to hold on to the boys we trained, both from the selfish | 
angle (the great cost to us to put them through) , and 
from the angle of confidence in the program. 

5. Never cease in our efforts to improve our programs 
and the caliber of our boys in training whether eco- 
nomic conditions force reductions in numbers, or allow 
full programs to operate. , 

These points refer to apprenticeship in general, in- 
cluding foundry operations, but there are some special 
points which are tied to foundry alone: 

1. Safety and health 

2. Elimination of antiquated systems which call for 
human back-breaking t 

3. An interesting apprentice program and the guard. 
ing against using these “boys in training” for just extra 
foundry hands ; 

4. Selling program to high school and college gradu: ‘ 
ates—movies, talks, tours. t 

Apprenticeship is the cornerstone of Industry’s future a 
planning, it is an investment by the young apprentice 
in his future—within the realm of absolute ability it 
must not be altered or influenced by the day-to-da) 
situation in our business. Such an attitude is neithet 
sound nor fair. 


DISCUSSION ‘ 
Chairman: F. C. Cecu, Cleveland Trade School, Cleveland r. 
Co-Chairman: B. D. CLarrey, General Malleable Corp., Wau: : 
kesha, Wis. a % 
P. M. SANpers’: In various parts of the United States (oda) 
we are confronted with two particular problems: First, the high 
productivity industry, which has hit the foundry to a great 
extent, and the industry which makes 1, 2, cr 50 or so of one 
particular type of casting or part or whatever it is. 


1 Consultant in Metallurgy, Detroit 











5. FALK 


the high-productivity industry, the apprentice holds the 
n of being a trainee for supervisory jobs. That particular 
is overlooked in some cases in various foundries in the 
area, where most of the work is high-productivity. The 
on the other hand, fits in well in the high-productivity 
es because the short-term training which is given does 
ough in it to permit an individual to go into a shop 
most of the work is mechanized, for instance, molding 
of the molding machines are highly productive and the 
eering department or supervision tell the workers how 
rams to give a mold, how to turn it over, how to draw 
old and how to put it together. They are told possibly 
o set cores, which will be repetitious from one day to the 
ossibly changing on some days to different patterns, but 
he same patterns keep on recurring. 
wever, the apprentice program is still a necessity in orde: 
in foremen and supervisory individuals. All supervision 
t come from engineering schools. There are some engi 
as has been shown through aptitude tests, who would 
solutely worthless in supervisory jobs, because they are 
type which must have constant problems presented to 
and the supervisor on a molding job or on a pattern 
ng job should know the skills which go into those particu 
ines to be able to direct the activities of the individuals 
are actually doing the work, and also to keep things run- 
g so smoothly that there are not too many problems. 
lt seems to me, therefore, that both the apprentice training 
the trainee programs are both necessary in the industry 
is shaping up today. 
Henrt Louetre*: Where a pension plan is in force is it 
ssary to have the apprentices indentured? 
Mr. FaLk: Whether you have an apprenticeship or not, 
nagement should look to the feasibility, within their pocket- 
k, of establishing some kind of security plans, regardless of 
apprenticeship. In plants where you have those things, it is 
idded incentive for somebody to put in their time and their 
rt and sacrifice some money for training, if they know that 
they have moved up through the line, they are going to 
ve some security ahead. I think that is true. It is an added 


entive. 

\. W. Grecc*: The mechanized foundry is the father of the 
so-called trainee. I wonder if Mr. Falk would comment differen- 

ting between the trainee and the indentured apprentice. My 
idea of the indentured apprentice is that we must have some 
mechanics, that you cannot take a man who has worked on a 
molding machine for maybe 10 or 12 years and make a foreman 
ut of him. He understands one particular class of work, but 
for the all-around foreman, we must have a man who is trained 
from every angle of molding rigging or sand. What do you do 
with your so-called trainee, and what do you do with your 
indentured apprentice, that you do not do with your short-time 
training man? 

Mr. Fark: The programs have to go side by side and I did 
not mean to leave any feeling that the learner program should 
be cast aside, because we have moved out of the wartime period. 
For industries of our type, large job shop type, the indentured 
ipprentice is more valuable than the trainee. The all-around 
trained man is possible timber for supervision; that, we all 
gree on. Let us say he does not attain supervision. I still 
think that a man who is informed is a lot happier than a man 
who is not informed or only partly informed. In other words, 

apprentice graduate still can be just as good a man staying 

1 the job as a Class A molder. 
\ll jobs become routine after a certain length of time. They 
look good before you get into them, but when you finally 
get there, you must all admit there is a certain grinding routine 
hat all of us go through, and it is only by the releases of 
bies and the releases of our own intelligence and training 
ind the grasping of increased knowledge that we make ourselves 
ppy in our productive activities. So I see no great harm in 
some all-around training apprentice program, all-around train- 
g program, even for those men who perhaps must stay on 
job later on. 

Mr. Grecc: What is the length of time allotted for these 

illed trainees, these speeded-up apprenticeships? Is it a 

tter of months or weeks? 
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Mr. FALK: It varied considerably. On some small core-making 
jobs, I suppose it was six weeks. We started with about 
18 months, or a year, as against the four-year period. ILhen we 
kept cutting it down to almost nothing 

Mr. Crarrey: Mr. Falk referred to two conditions. One is 
the crowded condition of our schools at the present ime, which 
makes it difficult tor some of our youth to go on to further 
education and makes them likely timber for the regular inden 
tured apprenticeship program. On the other hand, we have the 
returned serviceman, who may be anywhere trom 18 to 30 years 
of age. These fellows are coming into our plants to study and 
learn through on-the-job training programs in some cases, and 
in other cases to come in and be learners 

In the case of the service men, they usually are interested 
primarily in absorbing as much knowledge as they can in the 
shortest possible time, because they are confronted with their 
economic problem. In many cases they have families. That 
presents a serious problem in the program of training people 
for our industry 

4. L. Grepe*: The program we have had under way for 
about 18 months now has to do with selection of men for top 
positions in management and not for the supervisory stafl. We 
decided that it was time we were considering selecting some 
high type individuals, young men who might be trained to take 
over not the superintendent's job, not the foreman’s job or the 
department head's job, but the president's job, or perhaps as 
low down as the works manager, or the treasurer or the comp 
troller or some of those jobs 

We decided that we would select veterans who had been 
officers in the Army, Navy or Marine Corps and that we would 
select those men by aptitude tests. In checking these test 
methods, we decided to have our executives tested first. So 
all of those on the executive staff were first tested by a firm 
that makes a specialty of doing that. 

After we had seen the results of those tests, we decided to 
go further and test our department heads and superintendents 
We decided that the tests were so promising and showed up 
some things that we were able to correct to advantage and 
we have not had our foremen tested. In connection with the 
new plant that we opened early this year, we decided to try 
the testing program for the entire personnel of the plant and 
did so, with very satisfactory results, so much so that we are now 
giving very careful consideration to the advisability of using 
this complete testing program on all applicants for all jobs in 
all of the divisions that we operate. 

In connection with this special training program, we selected 
eight men. We rejected many, but selected eight men. The 
specifications were that they were to have been officers, and 
preferably higher officers, and that they were to have at least 
a college degree or to be college graduates. Of the eight men, 
one man had only one year of college but he was a captain 
in the Army, in charge of maintenance of equipment for a regi 
ment which finally reached the South Seas. We selected him 
as an exception to our rule of having only college graduates 


We decided to put these eight men through all the opera 
tions, especially the plant operations, in the sales department 
for some training and for brief training in the accounting 
department. We moved them about in what were then our 
four divisions, two steel foundries and two gray iron foundries 
These men actually worked. They were given hard manual jobs 
to perform. They did laboring, molding, coremaking, chipping 
and grinding. They were moved about in the departments 
under the supervision of our regular staff. The entire program 
was under the supervision of one of our works managers. 

As can be expected in a program of that kind, the really 
difficult job was to keep men in the training program for as 
long as it was originally intended that they should be, because 
it was not long before one department head or another was 
reaching for one or the other of these men and we finally 
decided that because of the urgency and the need for men in 
supervisory positions, we would shorten the program, if neces- 
sary and where the need was urgent. We did shorten it ta 
between 12 and 15 months. There are some men who will go 
through for the whole 18 months, but most of the men have 
now been selected for positions and we are pleased, proud and 
satisfied with ourselves about the type of men we have selected 
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There was only one casualty and that was not because of lack 
of ability but because this one man, who has had one year’s 
work in college, decided, after traternizing with these othe 
seven men and seeing what he might have missed in school, 
decided to leave and go to school and finish his schooling. 
That was the captain in the Army. 

We had a man who was a lieutenant, senior grade, in the 
Navy, who is now the superintendent of our Liberty Division, 
gray iron foundry, We have another man who was a lieutenant, 
junior grade, who is the personnel director at our Spring City 
Division, gray iron. We have another man who is now the 
production manager at one of our steel foundries. We have 
another man who was a metallurgist who is on the sales force. 

There have been some rather interesting developments out 
of this. Men who thought that they would like to be in manu- 
facturing have in one or two cases taken a very great liking 
for sales. Some who thought they would much prefer to be 
salesmen when they started the course have thought now that 
they would like to be in manufacturing and have shown certain 
aptitudes in that direction. 

We have a man now who is in sales. He has not completed 
his training and has not been selected for any particular place, 
but this particular man has had metallurgical training and 
thought he would like to be in metallurgy, but now he has 
decided if there is any possible way of doing it, he would like 
to be on the sales force. He likes selling. 

We have one man who is an accounting major and who was 
a lieutenant, senior grade, who is now managing our new Iron 
Mountain Division, a gray iron foundry. We have a man who 
was a lieutenant colonel who is in charge of standards and 
production. That is, he manages and schedules the production 
and is in charge of the standards, time study, motion study, 
etc., at our Iron Mountain Division. 

Since the origin of the program, we thought that eight 
would be quite a few for our organization and that perhaps 
we might not have the places for these men, and we even ex- 
pected to have some casualties, but we are sorry now that we 
did not start the program with about twice as many. Since 
then we have put two more men in the program, both with 
the same qualifications, one rather young fellow who was grad 
uated from college at an early age. He is only 21. The other 
men were in the age group of about 25 to 29. But we are 
again looking for a few more trainees, because we find that 
this has worked out so well that we would like to continue 
with the program with another group of trainees. 

We are definitely thinking that these men, with the possible 
exception of two of the remaining seven, that five men out of 
the eight originally selected are definitely candidates for posi 
tions in the top management of our organization. 

Mr. Criarrey: Has there been any thought given to the prob- 
lem of how you will differentiate or how you could qualify 
between the college man and the graduate apprentice in estab 
lishing qualifications for a supervisory job? 

Mr. Fax: I think there are two important qualifications 
that a supervisor must have. The first is an ability to know 
people, to live with them and to help them help themselves. 
With all due respect to your college graduate coming into the 
industry, I think you will find some of your top-notch appren 
tice graduates are going to meet that bill a little closer. 

Your college graduate is naturally going to have the advan- 
tage when it comes to moving into a more technical position 
Generally, I would say that the college graduate will move into 
your more specialized and technical fields, although we expect 
several of ours to remain as supervisors. We want some of them 
in supervisory capacities. But they will probably have to learn 
what may come more naturally to the indentured apprentice, 
and that is this very important subject of men. I think that 
the two can go along side by side and that one can make up 
what he lacks by hard work, as can the other. You will find 
perhaps the indentured apprentice may be working in the re- 
search division of your plant and a college graduate winding up 
as a supervisor over a cleaning floor, and in the same breath 
you will find the college graduate more normally moving into 
the technical field and your apprentice graduate moving in as 
a supervisor of men. So I think they can move simultaneously 
and both of them have a good opportunity because they are 
two important elements. 

D. TemMpLeton*®: We are contemplating starting an apprentice- 
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ship program in our pattern shop. 

\V. J. Septon®: Our experience is all that | can draw 
and | know that it has been working out satisfactorily. It 
program that is sponsored by the Federal Apprentice Trai 
Commission, in cooperation with the local union, and the 
bing industry in our city; these are all coordinated. 

A program has been drawn up at the Cleveland Trade §$ 
by Frank Cech. That program worked out satisfactorily, 
cause we have so many people interested in it. We have 
cooperation of the union, which is definitely interested in 
boy’s welfare and progress, and then the shop committec 
is an active participant in the training of the boy, seeing that 
he goes to school nights. Then there is our own interest as 
employers, watching that boy’s progress, contributing to the 
school program by talks. These talks are very important in 
getting the boy closer to the industry. The group sets up the 
program and, of course, the instructor's past experience helps 
a great deal. The boy gets a very good, rounded-out education 
under a four-year program. He gets all the related subjects 
such as shop mathematics and human relations and many othe: 
things that are essential to the boy’s growth. 

CHAIRMAN CecH: Our problem in the pattern-making indus 
try is that we have so few apprentices. It is a highly specialized 
industry and, consequently, we do not have 30 or 40 apprentices 
as in the machine shop or the foundry and it is hard to con 
centrate the program. If you have a sufficient number of appre: 
tices, it will pay you to put in a special program of your own. 
If not, and you have job shops and probably some captive shops 
that are interested in apprentice training, it will pay you to 
try to get a cooperative plan functioning. 

Your Apprentice Training Service is ready and willing to do 
whatever they can. Their primary interest is in drawing up 
the contract with the boy and the owner or the jobber and 
then to see that he attends school and to see that he gets the 
proper progress in doing the operations that are included withir 
the pattern-making industry. 

H. K. Swanson: In the Chicago area we have the same 
procedure as you have in Cleveland and in Detroit, only we 
work ours just a little bit differently. Our boys are indentured 
by the union and the jobbers of Chicago and the government 
These boys go to school one day a week. They must put in 
eight hours and they are taught in this school, mathematics 
blueprint reading, blueprint layouts, mechanical drawing, and 
foundry work but they are not taught pattern making. 

The reason we say they do not teach them pattern-making 
is because we want to teach that in the shop. We tried several 
years ago incorporating pattern-making in the schools, but when 
we brought them back into the shop, we found we always had 
an argument over methods of pattern-making. We soon took 
that out and stopped that in the schools, but we do have them 
in the schools teach them everything in school but pattern 
making. We give them a lot of mathematics. You never can 
get too much of that into them. They get mathematics and 
they make molds and they make foundry work. 

They go to the Washburn Trade School, which is operated 
by the Board of Education of the City of Chicago, and they go 
to that school from the entire Chicago district. Regardless o! 
whether you have one boy or five boys in your shop, they al 
go to that school. 

Mr. Greve: Perhaps it depends upon the teacher and the 
school as to whether the boys turn out to be satisfactory 
pattern-makers after having attended a school where they have 
taken up pattern-making. It has been our experience that th 
boys that we have secured from the Boys’ Technical High Schoo! 
in Milwaukee have been the most satisfactory pattern-makers 
that we have had. 

Mr. Swanson: I have been a foreman in a shop for 22 yea 
and have had men call themselves pattern-makers and they 
not know what a sweep core box was. They saw a sweep \ 
box in the shop and asked me what it was. They were sup 
posed to be pattern makers who had served their apprentic: 
in shops in the Detroit area where much big work is not mace 
and all of their patterns are for production. So they had 
experience in jobbing foundry practice where sweep core |oxes 
are used for one or two castings. 

5 Allison Bedford Foundry, Bedford, Ind. 
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EVALUATION OF CORE KNOCKOUT 


Report of A.F.A. Subcommittee on Phys- 
, : ical Properties of Iron Foundry Sands 
at Elevated Temperatures 


ABSTRACT 


subcommittee has completed a series of foundry and 
itory tests of cores to study the relationship between the 
of cores during shakeout and known laboratory tests 
t elevated temperatures. The first correlation completed 
relationship between time required to knock out a core 
hollow test casting and the retained compressive strength 
own atmosphere test conditions of a core test specimen. 
n between hot compressive strength and core knock- 

me was also found. 


Introduction 


[HE PROBLEM Of selecting or devising a labora- 
tory test which will predict the difficulty likely to be 
encountered in removing cores during casting shake- 
out seemed most likely to be solved by a comparison 
between foundry tests and laboratory tests. Accord- 
ingly, the Subcommittee devised a hollow cylindrical 
test casting to be molded in green sand and cored by 
i dry sand core. In addition to pouring castings of 
two wall thicknesses, the Subcommittee simulated 
floor type foundry practice and mechanized foundry 
practice. This was done for floor practice by allowing 
the molds to stand two hours after pouring before re- 
moving the castings. The cores were knocked out 514 
hr. after pouring. To simulate mechanized practice 
the castings were removed from the mold one-half 
hour after pouring and the cores were knocked out 
immediately thereafter. 


Test Casting 


Che design of the test casting selected to measure 
the time in seconds of the core knockout is shown in 
Fig. 1. A light weight cylindrical casting was selected 

to uniformity of heat input to the test core in- 
side of the casting and ease of observation when core 
ompletely removed from the casting. 

Castings having 14 and 14-in. wall thicknesses were 

ide. The former represented light casting practice, 

the latter gave data showing the effect of a 
vier metal wall, by subjecting the core to greater 


Core Mixtures 
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he Subcommittee was confronted first with the 
k of selecting a group of core mixtures which 








would be representative of iron foundry practice from 
light to heavy castings and also give a wide range of 
core knockout time. The core mixtures selected are 
tabulated in Table 1. 
tion to yielding a wide range of knockout time, also 


The core mixtures, in addi- 


employ many of the core binders commonly used in 
the iron foundry. All core mixtures were prepared 
in a 36 in. muller type mixer. 


Pattern and Molding Equipment 


The foundry test cores were made with the follow- 
ing equipment: wooden core box with a metal sand 
hopper, an 18.5 Ib. ramming weight, aluminum dryer 
plates, and a jolt machine as shown in Fig. 2. All 
cores were baked in a gas fired core oven with auto- 
matic temperature control and mechanical ventila 
tion. In Fig. 3 is shown a view of a baked foundry 
test core. The drag pattern was of wood attached to 
an aluminum drag plate with mounted metal gate as 
shown in Fig. 4. Two patterns were available, one for 
the 14-in. and the other for the 14-in. metal section. 
The cope pattern and plate were of aluminum and 
aluminum flasks 13 in. x 13 in. were used. Drag flasks 
were 10 in. deep and cope flasks were 4 in. deep. 


Core Making 


All of the steps in core making were detailed in an 
outline which was adhered to in the foundry. The 
procedure followed is described below. 

Core Mixing 
1. Weigh all materials used in mixture. 
2. Mix as follows: 
No. 1 Core Mixture 
Dune sand and oil. Mix 4 min., add water, mix 
6 min. 
No. 2 Core Mixture 
Dune sand, bank sand and cereal. Mix 2 min., 
add water, mix 4 min., add oil, mix 4 min. 
No. 3 Core Mixture 
Dune sand, silica flour, western bentonite and 
cereal. Mix 2 min., add water, mix 4 min., add 
oil, mix 4 min. 
No. 4 Core Mixture 
New Jersey gravel, heap sand and pitch. Mix 2 








Core Ramming 
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1—Drawing foundry test casting (right) and photo 


of foundry test casting (above). 











min., add water, mix 6 min. h 
No. 5 Core Mixture niin oo 

Dun sand, heap sand, cereal and rosin binder. leet, “SE 

Mix 2 min., add water, mix 6 min. 

Place mixed sand in wheelbarrow and cover with SECTIONA-A& 





damp sack. 

Fill 5 gal. container half full with mixed sand 
representing all test batches of one type and de- 
liver to the sand laboratory for test cores. 

Make foundry cores within one hour after mix- 


oO 
ing. 


Clean core boxes. 

Apply parting to core boxes, avoiding excess. 
sreak up lumps in all mixtures. 

Fill core box, strike off sand hopper and _ place 
ramming weight on top of sand. 

Jolt cores 25 times, holding core box down on 


jolt table by hand. 


Fig. 3—Core used in the foundry tests. 


6. Vent each core with 14-in. diameter rod. 

7. Do not rap excessively. 

8. Use air vibrator and drawing device. 

9. Place cores on portable oven rack, 

10. Make not less than 24 cores from each m 
least 12 for each casting thickness. 


Core Baking 


one hour after they are rammed with the « 
tion of mixture No. 5. 


2. Maintain core oven temperature at 425 F. 
3. Bake cores for 5 hr. with the exception of 


ture No. 5. 

4. Remove cores from oven immediately after 
ing period. 

5. Core mixture No. 5 is to be baked at 400 
4 hr. 

Core Storage 

1. Place baked cores on cooling rack. 

2. Allow cores to cool for at least 12 hr. befor 
ting in molds. 


Molding Floor 


The operations at the molding floor may be di 
into molding, core setting and closing, pouring 
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Equipment used for making foundry test cores. 


shakeout. The steps followed in the foundry 
his sub-committee are outlined as follows 
si 


f 


femper sand to 8.5 per cent to 9.0 per cent mois 
ure. Test for moisture. 

Riddle sand through No. 4 screen 

lest sand for green permeability and green com 


pression. Green compression is to be 5.5 to 6.5 
psi. 
Clean pattern equipment. 
Dust parting on pattern. 
Riddle sufficient sand in flask to cover pattern. 
Fill flask and hopper with sand. Peen cope 
around inside edge of flask. 

Jolt 25 times. Butt ram drag and cope with hand 
rammer. 

Use a pattern to form a pouring basin. 

Make five molds for each core mixture of each 
casting thickness and foundry type (floor and sys- 
tem), a total of 20 molds for each mix. 

Vent cope and drag with a %-in. diameter vent 
rod for core vent. 

Number copes consecutively. 

Spotcheck mold hardness. 
re Setting 

Check drag vent hole. 

Lay flour core print seal. 

Clean vent hole in core. 

Chread string through vent and catch string with 
a nail. 

Set core. Check uniformity of cavity thickness. 
Lay flour core print seal. 

Check vent hole in cope. 

Close mold. Place dry sand on cope. 

Place flask weight, gently rub weight in place 
and set on a second weight. 

Dust flour on sprue opening to aid in pouring. 
iring 

Cool metal in ladle from the electric furnace to 
2650 F. 

Measure metal temperature with Pt-Pt 10 per 
cent Rh thermocouple. 





4—Pattern and molding equipment used in the 
foundry tests 

Measure pouring time of each mold with a stop 

watch. 


Mold Shakeout 


9 


4. 


Shake out molds as gently as possible to avoid 
disturbing core. 

Shake out first 5 molds of each core mixture for 
each metal thickness two hours after pouring to 
simulate floor type of operation 

Shake out the second five molds of each core 
mixture for each metal thickness (14 and Y in. 
one-half hour after pouring to simulate system 
tvpe of operation. 

Shake out molds by rapping each side of flask 
with a mallet. Then lift cope and drag sepa 
rately from the casting. Lavy casting with axis 
horizontal on a l-in. layer of sand to cool for 
31% hr. in the case of the 514 hr. casting cooling 
program for floor type foundry operation. In the 
case of the system type foundry operation, place 


the casting immediately in core knockout unit 


Core Knockout 


The first method of removing the cores from the 


Fig. 5—Core knock-out unit. 
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Taste 1.—Composition oF Core Mixtures Usep 1N test casting was to jolt the castings while they \cre 
THE Core KNOCKOUT INVESTIGATION. held in a fixture on the table of a jolt molding ma. 
chine. It was soon found that on a long continued 
Mixture Percentage by Weight jolting that the energy imparted by each jolt was not 
- . No. ] uniform. It became apparent that cores which were 
160 Ib Lake Michigan Dune Sand, exceedingly difficult to knock out required too much 
average fineness 55.4 99.0 1 Dummy batch oe pe NE A = Gatien b 
1.616 Ib Linseed base core oil 1.0 4 Test batches tume to remove, since only a limited number Of jolts 
5.818 lb. Water 3.6 can be imparted per minute. Also, this machine was 
we No.2 . found to be erratic. 
114 lb Lake Michigan Dune Sand 70.0 1 Dummy batch : ‘ ——— ’ 
46 |b. Michions Denk Send, Aver A knockout unit, as shown in Fig. 5, equipped with 
age fineness 89.1 28.25 4 Test batches fixture bars to hold the test castings in place, pi ved = 
0.814 lb. Cereal Binder 0.5 a ae ; : 
6.272 lb. Water 4.1 satisfactory. , 
2.036 lb. Linseed base core oil 1.25 The procedure followed in the core knockout was 
— No. 3 - 1. Place cleaned castings in all of the casting hold. . 
140 lb. Lake Michigan Dune Sand 87.0 1 Dummy batch sea = alt dee deh . } 
16.1 tb Silica Flour 10.0 4 Test batches ing spaces of the shakeout unit, except on 
0.805 Ib. Western Bentonite 0.5 2. Place a casting containing a core in the remain. 
1.61 lb. Cereal Binder 1.0 : eRe ; — . , 
— ing space. Have arge opening 
8°85 Ib, cae 55 g Ss} Ha € the large pening down and _ 
2.414 Ib Linseed base core oil 1.5 the knockout unit running. - 
No.4 3. Use a stop watch to measure the time required X 
58 lb. 13 oz. New Jersey Gravel, average - oie,” i P a -—* ae > ‘7 
fineness 19.5 clay 17.4% 49.0 1 Dummy batch to remove all of the core from the casting. Ex 3 
58 lb. 12 oz. Heap Sand, average fineness press results as time in seconds. 1 
240 It Pit ; i clay 14.1% — 5 Test batches 4. More than one casting can be in the knockout 0. 
y ) 1icn “. ° ° ye > 
9.0 Ib Water 7.5 unit providing separate observers are used to $+! 
No. 5 time each core being knocked out. 
24 |b. Lake Michigan Dune Sand 15.0 1 Dummy batch 
130.4 Ib. Heap Sand 81.5 4 Test batches 
0.800 Ib. Cereal Binder 0.5 Sand Laboratory 
einy awe Type Binder ae Sufficient elevated temperature test specimens had 
x ). ater 5.9 ° ‘s __ 
to be made to insure that enough specimens would be 





available for all possible laboratory tests that might 
be required after the foundry test. The procedur 6 
followed in the sand laboratory was: 


Tasie 2.—CHEMICAL ANALYsIS OF METAL USED IN TEST 


CASTINGS. 
































g 
Laboratory Sand Testing: 9 
Elements é 3 10 
Per cent May 20 May 21 May 22 May 23 May 24 May 25 1. Use sand from foundry sand mixtures stored in 
a. 245. 236 +245 +233 «2245 ~°«222«<57 covered 5-gal. containers. Make core specimens 
Sulphur 0.10 010 O10 010 0.10 0.10 within 2 hr. after mixing. 
Phosphorus 050 023 8030 6030 6034 0.35 2. Ram not less than 200 114 x 2-in. core specimens 
Manganese 0.51 0.61 0.63 0.64 0.65 0.65 Y ‘S. 
Combined Car- from each mixture. Use three drops of ramm¢ _ 
bon (bycolor) 0.56 0.57 050 0.56 048 0.56 weight with mold floating type specimen con 
Total Carbon 2.86 3.04 3.25 3.08 3.41 3.30 2 ri 3 * T 
tainer (double end ramming). Note: Fiftee: 
AN 
Tasie 3.—PuysicaAL PROPERTIES AT ROOM ‘TEMPERATURE OF Cores Usep IN CorE KNOCK-OUT INVESTIGATION 
Core Mixture Physical Properties of Core Mixtures 
Number—in Green Properties Baked Properties 
Order of = : — ’ 
Tiedieat Moisture Green : Baked Baked aa 
pe _ Percentage A.F.A. Compressive A.F.A. Tensile Compressivé 16 
Effort of Sand Green Strength, Flowability, Baked Strength, Strength 7 
Required as Mixed Permeability Psi Per cent Permeability Psi Psi 18 
ene = 19 
1 3.75 a 88 252.5 113.0 321 0) 
2 4.00 91 163.0 181.0 Od . 
5 8.35 35.3 4.5 92 61.5 25.2 153 
3 §.35 80.0 2.4 86 85.0 186.0 680 
4 8.8 14.3 12.1 70.5 39.2 18.0 280 
Tas_e 4.—PuysicaAL Properties AT ELEVATED TEMPERATURE OF Cores USED IN CORE KNOCK-OUT INVESTIGATION 
Collapsibility Expansion Gas Pressur ac 
Time in Sec. Hot Compressive Strength Psi in/in. in a 
90 Psi Load 12 Min. Heating Time 4 oz. Load Water 3 12 
Atmosphere Own Air Own Own Own Air Air Ow: 4 
Furnace Temp°F 1500 1500 800 2000 2500 2500 2500 2500 i) 
Mix. No. 1 58 30 50 9 3 0 0.080 3.8 
Mix. No. 2 85 33 60 23 5 4 0.087 4 
Mix. No. 5 18 4.1 36 33 55 3 0.052 2 
Mix. No. 3 121 43.7 198 91 78 9 0.082 ; 
Mix. No. 4 215 474 116 230 250 9 0.041 5 
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TABLE 5.—RETAINED STRENGTH OF Cores Usep IN Core KNOCK-OUT INVESTIGATION 





Retained Compressive Strength—Psi 





¢ Time 
ites 8 12 40 12 12 
sphere Air Own Own Own Air 
emp. °F Room 200 Room Room Room 
Temp.°F 800 900 600 800 800 
No. 1 23.8 0 167.68 31.93 0 
x. No. 2 102.1 2.5 379.35 74.43 23.0 
No. 5 188.4 6.7 179.07 118.44 144.5 
x. No. 3 293.1 80 511.30 254.47 187.9 
x. No. 4 349.6 243 314.79 362.39 278.9 


20 30 12 10 ta) ww 0 
Own Own Own Own Own Own Air 
Room Room Room Room 200 300 Room 
800 SOO 900 1000 S00 SOO SOO 

28.74 26.91 17.82 98 27.4 25.30 Zero 

73.82 70.05 56.49 1 55 60.1 61.43 Zero 
113.35 143.28 125.75 116.23 138.75 129.05 62.2 
210.46 210.15 192.63 137.62 204.99 216.30 28.6 
368.68 342.59 419.19 396.14 323.98 340.24 227.2 





laste 6.—Founpry Test Data For No. | Cores, 4 
AD iN. METAL SECTION WITH FLOooR Type OPERA- 
TION. 


Floor Type Foundry Practice 
Metal thickness 14-in. thick 

















Pouring Pouring Shake-out Knock-out 
Mi Tempera- Time in Time Timefor Timefor Seconds Weight of 
Ni ture sec. Poured Molds Cores Knock-out Casting 
3 ~=—s-:2650 70 11:10 1:10 4:40 13.0 
5 2545 11:26 1:26 4:56 10.0 19.25 
1-A 2650 5.8 10:50 12:50 4:20 9.0 19.0 
2-A 2650 5.6 10:54 16:54 4:24 10.2 
3A 2650 5.6 12:08 2:08 5:38 8.0 19.75 
Average 10.0 

Moisture 8.9% 

Green Permeability 34.0 

Green Compression _ 5.5 psi 

Mold Hardness 50 to 60 

Floor Type Foundry Practice 

Metal thickness %4-in. thick 
y 116 12:50 2:50 6:20 36.25 
7 2530 12.6 12:53 2:53 6:23 1.7 37.0 
g 2570 10.6 12:58 2:58 6:28 1.6 38.25 
) 2595 11.6 1:00 3:00 6:30 1.5 37.5 
10 2590 11.2 1:02 3:02 6:32 1.4 37.75 

Average 1.5 
Moisture 9.3 8.7% 


Green Permeability 43 
Green Compression 5.5 6.0 psi 





[Taste 7.—Founpry Test Data For No. | Cores, 4% 
AND 14-1IN. METAL Section WituH System Type OPERA- 
TION. 


System Type Foundry Practice 
Metal thickness 14-in. thick 











Pouring Pouring Shake-out Knock-out 
Mold Tempera- Time in Time Timefor Timefor Seconds Weight of 
No ture sec. Poured Molds Cores Knock-out Casting 
16 2650 5.6 11:55 12:25 12:26 20.0 18.4 
17 2650 5.0 11:56 12:26 12:27 26.6 20.0 
18 2650 6.8 11:58 12:28 12:29 25.2 19.2 
19 2650 6.8 11:59 12:29 12:30 22.0 19.25 
20 2650 10.6 : 
Average 23.4 
Moisture 8.4% 


Green Compression 5.75 psi. 
Green Permeability 45 





System Type Foundry Practice 
Metal thickness %-in. thick 





2650 12 


be 10:49 11:19 11:20 5.0 37.8 

2650 11.2 10:50 11:20 11:22 4.4 38.0 

2650 10.2 10:52 11:22 11:24 5.2 37.0 

2650 10.2 10:54 11:24 11:26 5.2 37.2 

2650 11.2 10:56 11:26 11:28 4.0 37.6 
Average 4.7 


Moisture 8.4% 
Green Compression 5.75 psi. 
Green Permeability 45 


TABLE 8.—Founpry Test Data For No. 2 Cores, 4 
AND 14-IN. MeTAL SecTion WitTH FLoor Type OPErRa- 
TION. 


Floor Type Foundry Practice 
Metal thickness 44 -in. thick 








Pouring Pouring Shake-out Knock-out 

Mold Tempera- Time in Time Timefor Timefor Seconds Weight of 

No ture sec Poured M olds Cores Knock- out Casting 
26 2650 5.2 2:43 4:43 8 8-13 32 oO 19.4 
28 2630 5.4 2:53 4:53 8:23 23.1 20.25 
30 2650 5.6 2:58 4:58 8:28 14.0 20.4 
30-A 2650 5.8 12:09 2:09 5:39 12.0 _ 
60-A 2650 - 12.0 - 

Average 18.6 
Moisture 8.6% 


Green Permeability 60 
Green Compression 6.0 psi 
Mold Hardness 45-53 


F loor Type F foundry P ractice 
Metal thickness %-in. thick 





21 2650 15.0 1:32 3-32 7-02 3.0 37.8 
22 2650 13 1:35 3-35 7-05 3,2 38.8 
23 2650 12.5 1:37 3:37 7:07 3.0 39.6 
24 2650 2 1:39 3:39 7:09 3.0 38.4 
25 2650 2 1:44 3:44 7:14 2.9 38.8 


Average 3.0 
Moisture 8.4%, 
Green Permeability 45 
Green Compression 5.7 psi 





Tasie 9.—Founpry Test Data For No. 2 Cores, 4 
AND 14-1N. METAL SecTiON WITH SysteM Type OPERA- 
TION. 


System Type Foundry Practice 
Metal thickness 14-in. thick 




















Pouring Pouring Shake-out Knock-out 
; Tempera- Time in Time Timefor Timefor Seconds Weight of 
ture sec Pe oured Molds Cores Knock-out Casting 
36 2650 6.0 1 46 2:16 2:17 41.6 18.5 
37 2650 5.4 1:48 2:18 2:19 48.6 19.5 
38 2650 5.4 1:50 2:20 2:21 498 19.0 
39 2650 5.8 1:52 2:22 2:23 43.0 19.5 
40 2650 5.7 1:54 2:24 2:25 45.0 20.0 


Average 45.6 
Moisture 8.6% 
Green Permeability 60 
Green Compression 5.5 psi 





System Type Foundry Practice 











Metal thickness 4-in. thick 
31 2650 11.2 4:41 5:11 5:11 20.0 37.0 
32 2650 7.9 4:44 5:14 5:14 15.6 37.25 
33 2650 9.1 4:47 5:17 5:17 14.0 37.25 
34 2650 9.2 4:48 5:18 5:18 20.0 37.5 
35 2590 9.4 4:49 5:19 5:19 21.0 38.0 


Average 18.1 
Moisture 8.6% 
Green Permeability 60 
Green Compression 6.0 psi 
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Pasir 10.—FouNnpry ‘I est Data FoR No. 3 Cores, 14 
AND 14-1N. Mevat Section WitH Fioor Type Opera- 
TION, 
Floor Type Foundry Practice 
Metal thickness '4-in. thick 
Pouring Pouring Shake-out Knock-out 
Mold Tempera Time in Time Timefor Timefor Seconds Weight of 
No ture sec Poured Molds Cores Knock-out Casting 
41 2650 6.2 11:10 1:10 4:40 450 20.0 
42 2650 5.9 11:12 1:12 4:42 292 18.75 
43 2650 5.8 11:14 1:14 $:44 991 19.25 
44 2650 6.2 11:16 1:16 4:46 399 18.5 
$5 2650 6.0 11:19 1:19 4:49 1116 20.0 
12-A 2650 5.8 11:08 1:08 4:38 270 19.5 
Average 586.3 
Moisture 8.6% 
Green Permeability 60 
Green Compression 5.75 psi. 
Mold Hardness 43-50 
Floor Type Foundry Practice 
Metal thickness %-in. thick 
46 2650 12.4 12:43 2:43 6:13 35.4 36.5 
47 2650 12:46 2:46 6:16 51.8 36.5 
48 2650 10.2 12:47 2:47 6:17 35.2 37.0 
49 2650 10.0 12:49 2:49 6:19 32.2 36.5 
SO 2650 9.2 12:51 2:51 6:21 39.6 37.25 
Average 38.8 
Moisture 9.2% 
Green Permeability 65 
Green Compression 5.75 psi. 
Taste 12.—Founpry Test DATA For No. 4 Cores, 4 


AND 14-1N. MevTat Section WitH System Type OPERA- 


TION. 


System Type Foundry Practice 
Metal thickness 14-in. thick 























Pouring Pouring Shake-out Knock-out 
Mold Tempera Time in Time Time for Timefor Seconds Weight of 
No ture sec Poured Molds Cores Knock-out Casting 
61 2650 5.0 12:36 1:06 1:07 3150 20.0 
63 2650 6.2 12:40 1:10 1:11 2910 19.25 
64 2650 5.2 12:41 1:11 1:12 6100 21.0 
65 2640 6.8 12:45 1:15 1:16 3542 19.50 
62-A 2640 7.0 12:06 12:36 12:36 2055 -- 
Average 3551.4 

Moisture 8.7% 

Green Permeability 50.9 

Green Compression 5.8 psi. 

System Type Foundry Practice 

Metal thickness '-in. thick 
76 2650 11.6 4:58 5:28 5:28 3060 36.75 
77 2650 10.0 5:00 5:30 5:30 3600 38.5 
78 2650 11.8 5:02 5:32 5:32 2880 37.5 
79 2650 9.8 5:04 5:34 5:34 4200 38.0 
80 2650 98 5:05 5:35 5:35 2640 37.0 

Average 3276 

Moisture 8.8% 

Green Permeability 43.0 

Green Compression 7.5 psi. 

Mold Hardness 44-50 





hundred 114 x 2-in. test core specimens of each 
mixture actually were made. 

Use core dryers for all specimens. 

Make three 2x 2-in. core permeability specimens. 
Use three rammer weight drops. 

Make five 2 x 2-in. baked compression specimens. 
Make six A.F.A. baked tensile core specimens. 
Bake all test specimens with foundry test cores 
at same temperature but only for 3 hr. 


TABLE 
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11.—Founpry Test Data FoR No. 3 Cor 


AND 14-IN. METAL SECTION WitH SysTEM Typr O 


TION. 


System Type Foundry Practice 
Metal thickness 14-in. thick 





























Pouring Pouring Shake-out Knock-out 
Mold Tempera- Time in Time Timefor Timefor Seconds 
io. ture sec Poured Molds Cores Knock-out 
56 2650 5.9 4:20 4:50 4:51 1545 
58 2650 6.0 4:24 4:54 4:55 915 
59 2650 5.6 4:25 4:55 4:56 1080 
57-A 2625 6.0 12:05 2:35 2:35 630 
60-A 2650 6.0 4:13 4:43 4:43 1005 
Average 1035 
Moisture 9.6% 
Green Permeability 31 
Green Compression 5.0 psi. 
Mold Hardness 40-55 
System Type Foundry Practice 
Metal thickness 14-in. thick 
51 2650 11.0 3:15 3:45 3:46 1215 
52 2650 11.4 3:17 3:47 3:48 778 37 
53 2650 10.6 3:21 3:51 3:52 1115 37.5 
54 2650 11.4 3:24 3:54 3:55 910 36.75 
55 2650 11.2 3:25 3-55 3:55 1320 36.25 


Average 1068 
Moisture 9.6% 
Green Permeability 31 
Green Compression 5.0 psi. 
Mold Hardness 40-55 





TABLE 13. 


AND 


Founpry Trst DATA For No. 4 Cores, \/ 
14-1N. MeTAL Section Witn Fioor Typr Opera 
TION. 





Floor Type Foundry Practice 
Metal thickness 14-in. thick 





Pouring Pouring Shake-out Knock-out 














Mold Tempera- Time in Time Timefor Timefor Seconds We 
No ture sec Poured Molds Cores Knock-out Cas 
7 2650 6.2 3:30 = 55:30 9:00 1395 19.25 
72 2650 6.6 3:34 5:34 9:04 1625 19.50 
73 2650 6.0 3:35 5:35 9:05 1590 19.25 
74 2650 5.8 3:37 5:37 9:07 3165 19.25 
75 2650 6.4 3:41 5:41 9:11 250 19:75 
Average 2055 

Moisture 8.8% 

Green Permeability 43.0 

Green Compression 7.5 psi. 

Mold Hardness 44-50 

Floor Type Foundry Practice 

Metal thickness )-in. thick 
66 2630 13.8 2:16 4:16 7:46 120 37 
67 2650 11.4 2:19 4:19 7:49 105 38 
68 2650 11.8 2:24 4:24 7:54 238 77 
69 2655 11.6 2:26 4:26 7:56 138 38.5 
70 2630 11.4 2:27 4:27 7:57 206 7 

Average 161.4 

Moisture 8.7% 

Green Permeability 50.0 

Green Compression 5.8 psi. 

8. Place test cores in oven 2 hr. after foundry cores 
with the exception of mixture No. 5, which 1s 
placed in the oven one hour after the foundry 
cores. 

9. To check uniformity, test cores for moisture and 
green compression strength. 

10. Make the following room temperature tests on 


an average sample of each mix: percentage ois 
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{—Founpry Test DATA For No. 5 Cores, 4% Paste 15.—Founpry Test Data For No. 5 Cores, Y% 
~. MeTat Section WitTH FiLoor Typr Gheetea. AND 14-1N. MeTaL Section WitH System Type Opera- 
TION. TION. 
Floor Type Foundry Practice System Type Foundry Pract 
Metal thickness 44-in. thick Metal thickness 44-in. thick 
~ Pouring Shake-out Knock-out | P ks k " 
Time in Time Time for Timefor Seconds Weight of Mold T Time Time . om ‘ We 
ss sec __ Poured Molds — Cores Knock-out Casting : N . _— ; | ‘ M ns K i ' ofan 
) $8 10:51 12:51 4:21 44.5 18.5 O1-A 2570 114 25 $5 55 «48.0 
) 6.8 10 52 12:52 4:24 18.5 97-A 650 05 re 2.ca 2.cQ 14 5 
) 5.8 10:56 12:56 4:26 =. 19 5 02 sy 650 93 3 2] 141 11 ) 
50 65 1104 106 4:36 5 19.5 O4-A 2465 94 $08 4:38 4:38 59.0 
sO 6.6 11-06 1-08 4-38 38 , 18.75 
2° & Ave race $5 ¢ 
Average 33.7 
; 2 Mi f & 6° 
Moisture 9.0% Green Permeability 47.0 
Green Permeability 48.0 ext : 7 ty as 
Green Compression 6.4 psi. . Green Compressior dios 
ae . ee ieieeal ni iiaaliane iad 
Floor Type Foundry Practice emaoage yy F me iry I _—s 
Metal thickness %-in. thick Metal thickness ‘-in. thick 
T5) 84 1:30 3 30) 7-00 00 on 96 2650 14.5 1:07 1:37 1:37 55.0 38.0 
sO 11.6 1:33 3-3 7-03 10.0 97 2650 14.0 149 1:39 1:39 36.0 10.0 
As50 12.2 1:35 3-05 7-05 00 98 2650 16.5 1:10 1:40 1:40 78.0 
g 625 12.6 1:45 3:15 7:15 10.0 99 2650 21.0 1300 U3 143 88.0 40.0 
’ 0 14.4 3-58 5-38 9-28 14.0 100 2630 16.5 1:14 1:44 1:44 
Average 10.4 Average 65.2 
Moisture 9.0% Moisture 5.0% 
Green Permeability 48.0 Green Permeability 47.0 
Green Compression 6.4 psi. Green Compression 6.3 psi 
ws TABLE 16.—Founpry Core Knock-out Test Data 
re Mixt Knockout Time in Se Relative 
Number ; rhs nite 8 ee | ae ee Foundry 
Order of Knockout Time in Sec. Average Average Composite Knockout 
Fastin Data Data \verage Effort 
— ER “ a Floor Type System Type Compiled Compiled Foundry For 1 
mmc es , Section Section Section Section Floor System Knockout ‘ ' ; 
= \4 in. 14-in. 4 in Y4-in. lype rype Data . 
” i 10.05 1.55 23.5 4.7 5.8 430 —_— bon’ 
) 18.6 3.0 45.6 18.1 10.8 31.9 21.3 Good 
5 33.8 10.4 5.6 65.2 22.1 55.4 38.9 Fair 
3 586.3 38.8 1035.0 1068.0 312.6 1051.5 682.0 Difficult 
4 2055.0 161.4 3551.4 3276.0 1108.2 3413.7 2260.0 Very Difficult 
ture, green permeability, green compression mixture to a low of 18 psi. for the No. 4 core mixture. 


strength, flowability, baked permeability, baked 
tensile strength, baked compression strength and 
core gas test. 
Carefully wrap the 114 x 2-in. elevated tempera- 
ure specimens in soft paper, and place in desic- 
cator cans for shipment to the laboratory for 
tests. 
2. Elevated temperature tests consisting of hot 
expansion, gas pressure and retained 


compressive strength were made. 


strength, 


Chemical Analysis of Metal 
lhe analysis of the gray iron used in the series of 
dry tests is shown in Table 2. 


Room Temperature Test Data of Cores 


room temperature physical properties of the 
loundry test core mixtures are tabulated in Table 

\ study of the test data in Table 3 reveals that the 
sical properties of cores used in this investigation 
r a wide range of values. For example, the baked 
meability of the No. 1 core mixture is 252 and that 
1e No. 4 core mixture is 39.2. The tensile strength 
) covers a wide range from 186 psi. for the No. 3 core 






Elevated Temperature Core Tests 


The elevated temperature core test data tabulated in 


Tables 4 and 5 show that each core mixture used was 
not a duplication of another mixture. 
The atmosphere under which a molding material is 


tested may greatly influence the physical properties of 


a core at elevated temperatures. In a test furnace, the 
atmosphere is oxidizing providing no special precau- 
tions are taken to exclude air. The term “air atmos- 


Table 
Under such an atmosphere many of the 


phere” in thus describes an atmosphere that 
is Oxidizing. 
core binders will burn and lose their strength rapidly. 

A core within a casting would be subjected to an 
atmosphere at the metal-sand interface that consists of 
gases produced by the core, core wash, mold wash, met- 
al and molding sand. 
the 


To attempt to reproduce this con- 


The preponderance of the gas 


would come from particularly after it was 


covered with metal. 


core, 


dition within practical limitation, a platinum or ce- 
ramic hood of restricted size is placed over the core test 
specimen within the furnace. A thermocouple was 
placed on the outside of the hood for hot compressive 
strength and on the inside of the hood for retained 
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strength. 

Under this condition the core is subjected to essen- 
tially its own atmosphere. From information at hand, 
own atmosphere seems to be the better method of test- 
ing cores at elevated temperatures since it most closely 
reproduces conditions within a mold. 


Foundry Casting Data 

The foundry casting data for the meetings of May 
20 through 25, 1946, are shown in Tables 6 to 15 inclu- 
sive. In these tables are found the pouring tempera- 
tures, pouring time, time of day molds and cores were 
knocked out, weight of castings, and number of sec- 
onds required to knock out cores from the castings. 
Data are given for both metal wall thicknesses. 


Summary of Foundry Core Knockout Data 


The foundry test data tabulated in Tables 6 to 15 is 
summarized in Table 16. The core mixtures are tabu- 
lated in order of core knockout time. The order from 
fast to slow knockout time is mixture Nos. 1, 2, 5, 3 
and 4. On the left hand side of Table 16 is tabulated 
the average core knockout time in seconds for the floor 
and system type foundry. Subdivisions for each type of 
foundry are core knockout time for 4 and 14-in. metal 
sections. 

In the case of a floor type foundry, increasing the 
metal section from 14 to 14 in. will cause a great reduc- 
tion in core knockout time because for all practical 
purposes the 14-in. metal section possesses twice as 
much heat as the 14 in. Doubling the heat around the 
core reduces the knockout time to one-sixth in the case 
of the two linseed-base oil bonded cores Nos. | and 2. 
For core No. 5, containing a cereal-rosin bond, a reduc- 
tion to 14 is experienced. A reduction to 44; is ex- 
perienced for the No. 3 core when the metal wall of the 
casting is doubled. This core contains a bond of silica 
flour, Western bentonite, cereal binder and linseed 
base oil. The pitch bonded core No. 4 knocked out in 
4. of the time when 14-in. metal was against it in 
place of Y4-in. 

On an average, increasing the metal thickness from 
4 to 4 in. reduced the time of core knockout to 4» 
of the time in a floor type foundry. 

In a system type foundry, one cannot expect the 
same degree of reduction in knockout time for all 
types of cores as metal thickness of the casting is in- 
creased. A straight linseed base oil bond type of core, 
for example, No. 1, showed a reduction to 4%. When 
cereal binder and finer sand is present as in core No. 
2, increasing the metal wall of the casting from Y, to 
4 in. caused a reduction greater than 14. However, 
when the core contains pitch, or a combination of a 
silica flour, Western bentonite, cereal and oil base 
bond, increasing the metal thickness from 14 to 14 in. 
does not materially reduce core knockout time. These 
types of binders, such as silica flour, Western ben- 
tonite, require a long exposure to heat which they do 
not obtain in a system foundry. This is recognized, 
and in our case it provided some cores which were dif- 
ficult to knock out. 

The right hand portion of Table 16 groups the 
knockout time for the 14 and in. castings and shows 





EVALUATION OF CorE KNo 


the average knockout time obtained from th: ry 
metal thicknesses. These data indicate that cores as 
used in this investigation may be knocked ot jp 


one-third of the time for floor type as for system typ, 
operation. This is due to the fact that cores we: ny 
subjected to the heat of casting for one-half hr. for 
the system as compared to 514 hr. for the floor ‘ype 
The second to the last column on the right hana side 
of Table No. 16 gives the composite average in cor 
knockout time. The range of core knockout time js 
from 9.9 to 2260.9 sec. This wide range of core knock. 
out time was one of our aims when the core mixtures 
were formulated. A surprising correlation is that the 
order of core knockout time for the five selected core 
mixtures is the same for floor and system foundry and 
for 14 and 14-in. metal wall thicknesses of the casting 


Core Knockout Time vs. Baked Permeability 


The core permeability undoubtedly affected the 
core knockout time of the five cores under considera- 
tion. The general rule that the higher the baked 
permeability, the easier the knockout, does not spe- 
cifically apply since the cores were not of identical 
mixtures. However, the cores with higher permeabil 
ity knocked out faster than cores with lower perme 
ability in all cases except core No. 5. 


Core Knockout Time vs. Baked Core Strengths 


As the strength of core decreases, the knockout ef- 
fort required to remove it from a casting decreases, 
providing other conditions are similar. In the case of 
the five core mixtures under study, the strength of 
the cores may have had some influence on the core 
knockout time. Thus, no one should use these data 
to show that certain types of binders knock out more 
easily than others, since the strengths of the five cores 
were not of equal value. The objective of this com 
mittee was not to test the value of core binders. The 
objective was to obtain cores that would show a wide 
range of knockout effort in the foundry, and then 
endeavor to find a laboratory test that could be used 
to evaluate core mixtures as to ease of knockout. 


Core Knockout Time vs. Collapsibility 


The collapsibility of a core may be defined as th 
time in seconds that a baked core specimen will sus 
tain a given load when exposed to an elevated temp- 
erature. The test procedure followed in obtaining the 
collapsibility of the five core mixtures used in this 
investigation was as follows: 

Core test specimens 114 x 2 in. baked in the same 
foundry oven with the foundry cores were used. A 
dilatometer with moving furnace, possessing a hearth 
2 in. ID and 16 in. long, was used to heat the speci 
mens to 1500 F. Own atmosphere was obtained 
around the core specimen by placing a platinum hood 
over the specimen. The time that the core specimen 
would sustain a 90 psi load was recorded in seconds. 
A noble metal thermocouple was placed outsid: the 
platinum hood to measure the temperature. 

The core collapsibility tests in own atmosphere at 
1500 F show some correlation with core knockout time 
in seconds with the exception of core mixture >, 


we 
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possesses a very low compressive strength. The 
)llapsibility tests at a 90 lb load stressed the 
core mixture to such an extent that it failed to 
n the load for a reasonable length of time. The 
»reload as used in this investigation for the core 
sibility test undoubtedly was high for some of 
xe mixtures under consideration. It is possible 
lower preload may have caused a better corre- 
between core collapsibility and knockout time. 
ler core collapsibility testing, a load is applied 
time the specimen goes into the furnace so 
the specimen is loaded at room temperature or 
room temperature, and it has not been heated 
any work has been done on the specimen as 
perienced by a core in a casting. The subcom- 
e agrees that further work on this subject mat- 


in order. 


Core Knockout Time vs. Hot Compressive Strengths 
[he hot compressive strength of a core in this in- 
ivation refers to the compressive strength which a 
specimen possesses at an elevated temperature. 
[he test procedure followed in the hot strength 
: of the five core mixtures was the same as for the 
lapsibility test with the exception that the load was 
applied to the core specimen until it was in the 
furnace for a period of 12 min. The load was ap- 
plied by a motor driven hydraulic system having a 
table rise of 1 in./min. Hot strength determinations 
were made in own atmosphere at 800, 2000 and 2500 
F. A test was also made at 2500 F in an air atmos- 
ynere. 

Hot strength determinations made in an air atmos- 
phere do not show any correlation with core knock- 
out time. When own atmosphere is used, the hot 
strength determinations at elevated temperatures were 
found to related to the core knockout time for the 

mixtures under study. Both the own atmosphere 
hot strength determinations at 2000 and 2500 F show 
eood correlation. The 2000 F test is slightly the bet- 
ter in correlation with core knockout time. This cor- 
elation is surprisingly good whether comparison is 
made with core knockout time for 14 or 14-in. metal 
section for either the floor or system type foundry 
peration. Figures 6 and 7 show the relationship be- 
een own atmosphere hot strength at 2500 F and core 
knockout time in seconds. Figure 8 shows the corre- 
ation for 14-in. metal section, and Fig. 9 for 14-in. 
etal section. 

In Fig. 10 is shown the correlation between hot 
strength at 2000 F for 12 min. soaking time with own 
‘mosphere and the composite average of 14 and 

in. castings in both floor and system type foundry 

ration. The hot strength test values place the 
res in the same order of core knock-out time as de- 
mined by foundry operations. 
was noted in the core knockout operation that 
n the core became loose within the casting due to 

Ow or zero strength layer of core, then the core was 

kly broken by the mechanical shakeout unit. 


Should the outer layer of the core be strong and hold 


core solidly to the casting, then it required a long 
to knockout the core. This may explain why 
compressive strength tests under conditions as 
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specified can be used to evaluate core knockout time. 


Core Knockout Time vs. Retained Compressive Strength 

A study of the retained strength test data (Table 5) 
and core knockout time (Table 16) reveals that the 
retained strength with core specimens heated at 800 
F in own atmosphere for 12, 20 and 30 min. all show 
correlation with core knockout time. Compare Figs 
11 to 15 inclusive. The difference between heating ume 
is not significant enough to make one time of heating 
the better. However, considering the time required to 
make the test, the retained strength with 12 min. heat- 
ing is preferable. Retained strength tests at higher 
temperatures such as 900 and 1000 F do not show as 
good a correlation. Their low strength also makes it 
difficult to secure reproducible results due to their low 
strength values. 

Retained strength tests made in own and air atmos- 
phere do not give similar results. The air atmosphere 
tests give results that are low for all easily oxidized 
binders when the heating time is from 12 to 30 min 
When the heating time is short, for example, 8 min., 
then the retained strength values for the cores of long 
knockout time are too low for good correlation. See 
Table 5 for test data and Figs. 13 and 14 for graphical 
presentation. The retained strength test values with 
air atmosphere do not correlate as well with core 
knock-out time as own atmosphere retained strength 
test values. 

In another form of retained strength test, the speci- 
men is cooled to 200 or 300 F and placed in compres- 
sion load Table 5 gives data. This test method requires 
added precautions in testing, and no improvement in 
correlation was found. Offhand, one would expect 
much better correlation since cores in the foundry are 
near a temperature of some 300 F. Breaking the re- 
tained strength specimens at room temperature is much 
easier to perform and should yield more consistent test 
values, for it is difficult to hold the core specimen at 300 
F during the compression test, unless special equip- 
ment is available to perform the test. 

The present dilatometer could be used for this pur- 
pose, but cooling the furnace to 300 F after heating core 
specimens to 800 F would be time consuming. Con- 
sidering all the points involved, it is recommended that 
the retained strength test with furnace temperature at 
800 F for heating the core specimens 12 min. in own 
atmosphere be used as one means of evaluating the 
ease of core knockout. The core specimens upon being 
removed from the furnace are allowed to cool to room 
temperature under an inverted tall form 200 ml beaker. 
Ihe specimens are to be loaded in compression as soon 
as room temperature is reached. The retained strength 
is reported in psi., compressive strength at room temp- 
erature. 

A comparison of the retained strength after holding 
at 800 F for 12 min. in own atmosphere, with the speci- 
men cooled to room temperature before compression 
test, and core knockout time in seconds in the floor 
foundry is illustrated in Fig. 13 for 14-in. metal section 
and in Fig. 14 for 4-in. metal section. The correla- 
tion is good, regardless of whether cores are in the cast- 
ing for % or 5\% hr, or for 4% or 4-in. metal wall 
section. 
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Fig. 6—Comparison between hot compressive strength 
at 2500° F., 12 min. heating time, own atmosphere, 
and the core knock-out time for Y%-in. metal section. 
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Fig. 8—Comparison between hot compressive strength 
at 2000° F., 12 min. heating time, own atmosphere, and 


the core knock-out time for Y-in. metal section. 
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Fig. 7—Comparison between hot compressive strengt) 
at 2500° F.,12 min. heating time, own atmosphere, and 


the core knock-out time for 14-tn. metal section. 
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Fig. 9—Comparison between hot compressive streng 
at 2000° F., 12 min. heating time, own atmosphere, ané 
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the core knock-out time for 4-in. metal section. 
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10 000 


CORE MKNOCKOUT TIME in SECONOS COMPOSITE AVERAGE 


Comparison between hot compressive strength 
F., 12 min. heating time, own atmosphere, for 
iposite average core knock-out time of both 4 


in. thick casting wall and for both floor and 
system foundry operation. 
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Comparison between retained compressive 

th at 800° F., 30 min. heating time, and the core 

ut time for floor and system foundry operation 
with 4-in. metal section. 
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]3 Comparison between retained compressive 


and the core knock-out time for 


floor and system foundry operation with Y4-in. metal 
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Fig. 12—Comparison between retained compressive 


strength at 800° F., 


30 min. heating time, and the core 


knock-out time for floor and system foundry operation 


with 4-in. metal section. 
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Fig. 14—Comparison between retained compressive 

strength at 800° F., and the core knock-out time for 

floor and system foundry operation with 14-in. metal 
section. 


Combining the core knockout time for both floor and 
system foundry operation and 14 and |4-in. metal sec- 
tion, a composite average knockout time for the various 
five core mixtures is obtained as shown in Table 16. 
The retained strength 800 F, 12 min. heating time in 
own atmosphere, room temperature compression test 
as obtained for the various core mixtures, may be com- 
pared to this composite average. Core knockout time 
shows a very good relationship, and is illustrated in 


Fig. 15. 
Conclusions 


|. The time required to knock out cores furnishes 
a good means of evaluating the work required to re- 
move them from castings, providing a mechanical vi- 
brating core knockout table is used to furnish the 
knockout energy. 

2. Evidence to date indicates that the elevated 
temperature tests on cores should be made under own 
atmosphere conditions where the core test specimen 
is surrounded by a gastight container on all sides except 
at the bottom. A gas space 34 in. wide around the side 
of the core, and extending 14 in. below the bottom of 
the core specimen proved satisfactory for test work un- 
dertaken in this investigation. 

3. In this investigation it was found that the hot 
compressive strength of baked core specimens 114 x 2 
in. may be used to determine the order of core knock- 
out effort of a group of core mixtures similar to those 


studied in this investigation. 
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in. metal section with floor and system foundn Ro 
operation. al 
x ( 
4. The hot compressive strength, when made at a Co 
\ 


temperature of 2000 F, 12 min. heating time, in own x 
atmosphere, with a table rise of one in./min., may be 
used to determine the order of core knockout effort of 
a group of core mixtures. 

5. ‘This investigation showed that the retained com 
pressive strength of baked core specimens 114 x 2 ir 
in own atmosphere may be used to determine the orde! 
of core knockout effort of a group of core mixtures to 
be used for iron castings. 

6. ‘The most suitable retained compressive strengt! 
procedure for evaluating core knockout effort was to 
heat the 114 x 2-in. core specimen at 800 F for !2 min 
in own atmosphere, and then allow the specimen t 
cool to room temperature under a tall form 200 n 
glass beaker having no lip, and finally testing for com 
pressive strength. 

7. The composition of the core mixture influenced 
core knockout to a greater degree than other factor 
such as metal section thickness. 

8. The core mixtures used in this investigation we! 
formulated not as suggestive core mixtures to be used 
in the foundry but were formulated merely to givé 
range of core knock-out for test purposes. 

9. No hot tear casting defects were observe: 
composition of the metal was such that a r 


Th 
tively 
soft gray iron was secured. 
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i given by Assistant Professor W. A. Spindler, 
nnan, Bert Sheldon and Louis Ruffins of the 
ent of Metal Processing of the University, and 
Hasty of the Harry W. Dietert Co. 
eetings of the Subcommittee were of two types. 
of meeting was purely technical and was held 
irpose of formulating plans and studying test 
other type of meeting consisted of standard 
yperations required to produce and shake out 
stings and laboratory test work. 


Subcommittee Personnel 


Subcommittee on Physical Properties of Iron 
Molding Materials at Elevated Temperatures 
ised of Harry W. Dietert, Harry W. Dietert Co., 
committee chairman; G. F. Watson, American 
Shoe Co., Mahwah, N.]J., vice chairman; Prof. W. 
ller, University of Michigan, committee secre- 
Roy Bennett, The Metro-Nite Co., Hammond, 
| Day E. Cutler, J. S. McCormick Co., Pittsburgh, 
R. L. Doelman, Miller & Co., Chicago, H. H. Fairfield, 
W. Dietert Co., Detroit, J. A. Gitzen, Delta Oil 
ts Co., Milwaukee, John Grennan, University 
Michigan, Ann Arbor, H. J. Jameson, Detroit Test- 
Laboratory, Detroit, E. Pragoff, Hercules Powder 
( Wilmington, Del., E. W. Olsen, Campbell, Wyant 
Cannon Fdry. Co., Grand Haven, Mich., C. S. Par- 
Bureau of Mines, Ottawa, Ont., Canada, Gene 
Passman, Frederick B. Stevens Co., Detroit, Victor 
Rowell, Velsicol Corp., Chicago, Arnold Satz, Nation- 
Radiator Co., New Castle, Pa., J. Schumacher, Hill 
~« Grifith Co., Cincinnati, Wm. Seese, J. S. McCormick 
( Pittsburgh, Leon B. ‘Thomas, Wilson Foundry 
Machine Co., Pontiac, Mich., Robert Walker, Wer- 
G. Smith Co., Cleveland, D. C. Williams, Cornell 
University, Ithaca, N.Y., Elmer C. Zirzow, National 
Malleable & Steel Castings Co., Cleveland. 


DISCUSSION 
E. C. Zirzow, National Malleable & Steel Castings 
Chairman: H. J]. WILLIAMS, New Jersey Silica Sand Co 


Member: Is there any relation between core collapsibility and 


it as determined in the new type caliber 


e Subcommittee and acknowledgment is made 





Mr. DirTert [here is no dehnite correlation between core 
collapsibility and core knockout for a wide group of core mix 
tures. Core collapsibility is used to determine the life of the 
core while the casting is solidifving around that particular core 
It does not necessarily describe the nature of the core at room 
temperature 

MempBer: Would the data arrive { ¥Y pouring iron castings 
Vive comparative results i! i rrtimh wiltl 


mixtures 


Mr. DIETER? Ihe work f this committee can be apphed to 
most inv metal providing vou fine Like prope tempcrature to 
which to preheat the core specimet Probal Si Fk. would not 


Ye suitable for some of the non-ferrous metals. You may find 


it necessary to determine a new preheat temperature, but I 
wheve the general technique as described in this paper could 
ve applied 

MempBer: Have you ey ated the tensile strength of each of 
he mixtures used in your experiments? I notice the composi 
tions varied and I wondered how e tensile trength was 
iffected If so, did it have inv bearing on vour knockout 
observations 

Mr. Dietert: You will not I le he first ie whicl 
shook-out the fastest had a baked tensile strength of 115 psi; 


the next one I81; the third easiest to shake-out 1d a strength 


of 186 psi Ihe one that was the fourth hardest to shake-out 
had a strength of 181 psi, whereas the one that was easiest to 
shake-out had a strength of 25.2 psi 

We selected these core mixtures deliberately to prove or dis 
prove a test method. In other words, it was not obvious whi 
one would be the lowest to shake-out We intende 
is many of the conditions as possible that were found in the 
iron foundry 

Member: If those tensile strengths were all on the same basis 
in other words, if they were all 180 psi, would you find a much 
wider variation in shake-out time 

Mr. Dierert: Yes, in other words suppose we take the core 
mix number four, which shook-out the easiest, raised its tensile 


strength from 18 up to 113 psi, we might have been testing it 


MemsBer: Is there any correlation, or would it be a straight 
line function, between pouring temperature and shake-out In 
ther words, as it went up, would you shake-out faster 

Mr. Diretert: I believe that might hold true The committee 
lid not test the effect of iron temperature on core knockout 
They chose one iron temperature of 2650° I 


Member: I notice the mixture that shook-out the hardest had 


8.8 per cent moisture. I believe if the moisture content is run 
up it makes a harder iron strength in the core. If that would 
run at lower than 8.8 per cent moisture, would that not cut 
down the shake-out time 


Mr. Dietert: Yes, undoubtedly it would reduce the shake-out 
time of that particular core mix 

One reason why we all should think about core knockout time 
is because this is a department in all of our foundries where 
we should endeavor to remove more machine and more met 
If we can do that, then we have accomplished a great deal 


ind we hope this is just the beginning of a ver 


important 


progress in the foundry 











FOUNDRY COSTS 
AND COST CONTROLS 


C. E. Westover 
Westover Engineers 


Milwaukee 


[ue Cost Commirtee of the American Foundry- 
men's Association was one of the first set up by the As- 
sociation, and since its inception has been among the 
most active. Great effort has been expended by A.F.A. 
Cost Committee members, and also by the various so- 
cieties representing the several branches of the industry, 
to develop a uniform accounting system and uniform 
method of figuring costs worthy of adoption by the 
foundry industry. The value of a plan of this type can- 
not be minimized today, although a number of years 
have passed since the need for it became apparent. 


A.F.A. Cost Committee Papers 


A perusal of all papers written on the subject of costs 
since inauguration of A.F.A. 51 years ago would pro- 
vide sufficient material to make a most appropriate 
present-day paper. There is one paragraph, however, 
which might have appeared in any paper reflecting 
present-day conditions. It appeared in a paper entitled 
“Uniform Costs in the Foundry Industry” presented at 
the annual meeting of the Association in Philadelphia, 
September 29-October 3, 1919. It reads as follows: 

“Perhaps the greatest problem before American in- 
dustry today is that of determining accurate cost of 
production. Industry is becoming so complex—our tax 
laws are so intricate and the matter of accurate returns 
is so important that the concern operating without 
knowledge of costs is in the least possible position to 
conduct its business to best advantage. Another, and 
perhaps the most important.reason why costs must be 
accurately ascertained, is that, to enable the manufac- 
turer to determine just what he can voluntarily do in 
the way of increasing wages and arranging for profit- 
sharing plans if necessary to offset the unreasonable 
demands on the part of his workers, he must know 
where he stands with reference to his production costs.” 

If industry in 1919 was so complex as to provoke 
these comments, it must also have been complex when 
the first A.F.A. Cost Committee was set up over 50 
years ago. Certainly, it remains complex to a certain 
degree today. Insofar as detailed reports and statistics 
for government and tax purposes are concerned, they 
no longer present the management problem created 
when the practice originated. The amount of infor- 
mation demanded in these reports over the years has 
increased considerably, but industry has taken this in 
stride, meeting the challenge by an increase in or the 
reorganization of personnel. In many cases, passage of 


the Social Security Act and Withholding Tax laws », 
quired the hiring of additional personnel, but this in 
formation was required by law and industry cooperated 
to the fullest extent. 

It is regrettable that the castings industry has not 
adopted the same attitude and expended the sam 
energy in the matter of determining its costs by estab 
lishing departments to obtain this information. It is 
doubtful if there is a plant in any branch of the castings 
industry, which was in existence during the war, that 
has not had its productive capacity increased materially 
and probably to the point where it is in excess of nor 
mal requirements. During the war, and since, many 
new units have been added, especially in the gray iron 
and non-ferrous branches of the industry, because of 
continued abnormal demands for these types of cast 
ings. Improved production and management methods 
and techniques have resulted in a substantial increas 
in production per man-hour, but still no effort has 
been made to develop a plan whereby costs are pre 
determined. 


Need for Sound Cost System 


The marginal foundry, that foundry which is unabi 
to figure its costs and sell at a profit will not be in exist 
ence once the first bulge of consumer demand is satis 
fied, and the semi-marginal foundry will find itself in 
serious difficulties. Thus, the familiar struggle for sur- 
vival which has characterized the foundry industry as a 
part of a free enterprise system will be on in earnest 
Let us not be too hasty in discarding this system, since it 
has proved to be the foundation of our rapid industrial 
growth and is responsible for the degree of efficiency 
which our industries maintain in comparison with that 
of other nations. Rather, let us be efficient and deter 
mine our costs. It is only in this way that we can hope 
to remain in business. The greatest contribution an) 
foundryman can make toward stability of the industry 
is to operate his business profitably. 


Cost Control and Cost Accounting 


The cost accounting systems advocated by A.F.A. and 
other societies will give you your costs, but, as such, the) 
are purely historical records—records of what has taken 
place. Generally speaking, the accounting department 
is the gatherer, keeper, and dispenser of the figures 
necessary to prepare financial statements which met! 
the requirements of the business and the government 
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sccounting departments include in their func- 
figuring of job costs or participate in cost con- 
rk. Cost control and cost accounting are two 
functions and are usually the responsibility of 
individuals in even small organizations. Cost 
is a method of predetermining costs; cost ac- 
¢ is a matter of recording what has taken place. 
ly accounting occupies a high position in the 
stration of business, due to the fact that state- 
ust be prepared and presented at definite times; 
cost control work is like production: if you 
: deliver this week, then deliver next week. 
iwement must be brought to recognize account- 
| cost control work as two distinctly different 
ns or departments, but of equal importance in 
ration of a business. Of course, close coopera- 
tween the two departments is essential. 


Financial and Control Budgets 
[he most effective system will center around financial 
ind control budgets. Financial budgets, dollar value 
ts, may be set up on sales forecasts. This will 
cate profits for a given amount of sales produced at 






a predetermined cost. Of course, production processes, 
methods, wages and the like do not remain static 
Therefore, budgets for control purposes must be both 
flexible and perpetual, adjusted to meet changing con 
ditions, and be at all times reflective of actual operating 
conditions. Control budgets, to be most effective, 
should be expressed, wherever possible, in stable meas- 
ures, such as, time (minutes or hours) , weight (pounds 
or tons). At times, however, it is necessary to use money 
as a measure. A control budget may resolve itself into a 
chart or series of charts, for the plant as a whole or for 
a department covering labor or material. 

One problem which concerns management is a loss 
in certain departments due to a decline in the volume 
of production in that department. The business as a 
whole may be operating at a satisfactory profit, but 
when each department is analyzed, one or more de- 
partments may reflect loss. The cause is usually that 
these departments are partly or wholly shut down, 
while fixed costs continue. A common example of this 


Fig.1—Burden control chart showing break-even points. 
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may be the balancing of core room operations with the 
molding department. Where management decides to 
establish, for cost purposes, a minimum volume or per- 
cent of plant capacity as the break-even point, it is then 
advisable to establish the point for each department. 

In making an analysis it is advisable to follow a defi- 
nite plan or pattern whereby: 

1. Fixed costs of the department are calculated. 

The semi-variable costs of the department are 
carefully analyzed and budgeted to determine the fixed 
and variable elements. 

The standard direct labor, hours or dollars, re- 
quired to absorb the fixed costs are determined. 

If these calculations are expressed in simple chart 
form, the necessary production volume to break even 
will be readily ascertainable. A careful recording of 
figures may also develop the point in operations of 
diminishing returns or increasing burdens. Charts can 
be developed using various units of measure. 


Break-Even Point 

The accompanying chart, Fig. 1, illustrates graphi- 
cally the break-even point for the plant or for a given 
department operating at 60 per cent of capacity, the 
selected point upon which to base costs. 

The horizontal scales of Fig. 1 show the annual 
standard direct labor cost in man hours or dollars 
for varying percentages of capacity. For instance, at 
60 per cent of capacity the total annual standard direct 
labor is 120,000 man hours, and may or may not be 
$120,000.00, depending on wage rates arid whether they 
remain constant thru the year. 

Vertically, Fig. | shows the changing ratio of total 
cost to standard direct labor cost. In this chart the 
break-even or burden absorption point is 60 per cent 
of capacity and the ratio of total cost to the standard 
direct labor cost at this capacity is 2.8. At this point the 
ratio or total manufacturing cost is made up of | unit 
of measure of standard direct labor, 1 unit of measure 
of variable burden cost and 0.8 unit fixed burden cost. 

If operations were at 40 per cent of capacity, the ratio 
would then be 3.2. This ratio of total cost would then 
be | unit of standard direct labor cost, 1 unit of variable 
burden cost, and 1.7 units of fixed burden cost. 

The difference between these two ratios, multiplied 
by the total annual standard direct labor cost at 40 per 
cent capacity level, will give the loss which will be ex- 
perienced. This loss is due to failure to supply the 
plant or department with sufficient production volume 
to maintain capacity at the burden absorption point 
which is at the 60 per cent capacity level. 
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As an example, assume a production of 360,000 uniys 
at 60 per cent capacity. Then the manufacturiny cog, 
would be: 





Standard direct labor........ $120,000 
Variable burden cost......... 120,000 
Fixed burden cost........... 96,000 
Total manufacturing cost..... $336,000 


Cost per unit at this capacity would be 
336,000 — 360,000 or $0.933. 
At 40 per cent capacity level there would be pi 
tion of 240,000 units and manufacturing cost would be 
Standard direct labor........ $ 80,000 


Variable burden cost......... 80,000 
Fixed burden cost........... 96,000 
Total manufacturing cost..... $256,000 


Cost per unit at this capacity would be 





256,000 =- 240,000 or $1.066. 
Actual standard cost 
at 40 per cent capacity.... $1.066 
Standard cost 
at 60 per cent capacity.... $0.933 
Additional cost...... $0.133 per unit 


Therefore, with production at the 40 per cent ca- 
pacity level (240,000 units) the plant or department 
would suffer a loss due to production variance of 
240,000 units multiplied by 0.133 or $32,000. 

According to the chart, the total standard manufac. 
turing cost at the 60 per cent capacity level, is 2.80 
per dollar of standard direct labor. At 40 per cent ca 
pacity level, total standard manufacturing cost is 3.20 
or an increase of 0.40 per dollar of standard direct labor 

Inasmuch as there are 80,000 of standard direct labor 
cost at the 40 per cent capacity level, this cost mult- 
plied by 0.40 indicates a loss due to reduced production 
of 80,000 x 0.40 or $32,000. This figure compares with 
the loss shown in the foregoing example. 

The principle of the above illustration is applicable 
to various problems and can be most useful in deter- 
mining sales policies, pricing and effort. 


Object of Cost Control 

The object of cost control should be cost reduction, 
which may be accomplished through greater produc 
tivity per manhour, improved methods, techniques, 
mechanization and/or economical use of materials 
It must be remembered, however, that labor is the 
predominant cost factor in the production of castings. 

A main objective of American industry is to make a 
better product at a lower cost. Only ever increasing 
productivity per manhour will make it possible to 
maintain or reduce selling price, improve quality and 
pay higher wages. And, unless high wages are accom 
panied by high output, costs and selling prices of cast- 
ings will be too exorbitant to encourage their use as 4 
structural material or to provide the volume of business 
necessary to use a fair percentage of capacity. 

Properly organized plans for cost control will auto 
matically provide a cost reduction program, since thest 
plans call for establishing standards of operation which 
determine materials used in production, methods of 
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xluction and quality standards. Only after opera- 

n standards have been established can standards of 

rformance for operators be set. 

Without going into time standards, which is in the 
field of the A.F.A. Committee on Job Evaluation and 
lime Study, it will be sufficient to say that time is a 
table measure. Time will measure effectiveness of ma- 

ials, efficiency of methods and quality requirements, 

well as the amount of work required to perform an 
operation. Such time standards should be in the form 
{ standard data, which means element time and not 
ver-all time, thus enabling the cost control department 
0 analyze every job for economy in production. 

lf labor costs are to be controlled, regardless of 
whether operators are working for an hourly wage or 
under a wage incentive plan, it is necessary to know 
how long it should take to do a given piece of work. 
he same method of establishing time standards should 
be employed for either hourly or incentive workers. 
Of course, in the case of hourly workers, one has no 
assurance of attaining standard production. Figure 2 
shows what has been quite generally accepted by the 
engineering profession as performance of hourly and 
incentive workers. 

in Fig. 2 the numbers on the line represent the aver- 

number of measured minutes of work produced by 
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Fig. 3—Method of establishing conversion figure 


operators per hour. A measured minute is a time study 
minute (may be stop-watch time, or other, camera 
time, etc.) which has been adjusted to compensate for 
rating performance of operator, fatigue and personal 
Under some incentive plans, sixty 


need allowances. 
measured minutes of work per hour are set as standard, 
paid for at the base hourly rate of pay and each meas 
ured minute of work produced over and above stand- 
ard is paid for at the same rate as standard production. 
The production of the normal operator on incentive 
will average around 80 measured minutes of work per 
hour. This compares with about 40 measured minutes 
of work usually produced by the normal operator work- 
ing on an hourly rate basis. 

From this chart it is readily seen that, in the case of 
hourly workers, there is no assurance of attaining 
standard production. To achieve a schedule of plan- 
ned output from the worker, the help of a wage incen- 
tive plan will be necessary. Wage incentive plans based 
on sound principles and strictly adhered to by manage- 
ment will become increasingly important with the re- 
turn of competitive business. 

A step further toward controlled costs is a sound 
basic wage structure. Wages are the product of a money 
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and time factor. In the case of hourly work, the base or 
hourly rate of pay determines the money factor, and 
the produced measured minutes of work determines the 
time factor. For example, if the base hourly rate is 
$0.60/hr., that is a cent/minute. The hourly worker 
would receive $0.60 regardless of his productivity which 
might be only 40 measured minutes of work. However, 
the incentive worker would be expected to produce 
over 60 measured minutes of work per hour and there- 
by earn over $0.60 or a cent/minute. If his produc- 
tion is 80 measured minutes he will receive $0.80/hr. 

Next, it is necessary to establish a basic wage struc- 
ture, and the simplest method of doing this is with the 
aid of an occupational or job evaluation plan. An oc- 
cupational or job evaluation plan establishes the rela- 
tive value for every occupation in a foundry and serves 
as a foundation for all bargaining of wages for individ- 
uals or groups of individuals. 

Without going into the detailed processes of evaluat- 
ing the various occupations, it will suffice to state that 
all occupations in a plant will fall into one of the labor 
grades established by the evaluation. If merit rating of 
individuals is a part of the evaluation plan, then hourly 
workers may have a rate within the rate range for the 
labor grade into which their occupation places them. 

Figure 3 illustrates the method of establishing the 
money factor or the conversion figure used in establish- 
ing wages for hourly workers or earned wages for in- 
centive workers. This chart is divided into labor grades 
3 to 17 inclusive. The plant in which this evaluation 
work was done did not have workers who fell below 
labor grade 3, therefore, 1 and 2 have been omitted. 
The base rate line, or A on the chart, is used for deter- 
mining the conversion figure. It is the midpoint on this 
line in each labor grade that indicates the conversion 
figure for all work performed by individuals within 
this labor grade. This conversion figure for incentive 
work is not only a very important factor in cost con- 
trol due to the fact that it establishes related conversion 
figures for various occupations, but it also becomes a 
very important factor in industrial relations. 


Cost Control Defined 


In offering the foregoing illustrations and examples, 
it was not intended to deviate from the original theme 
of foundry costs and cost controls. The author is con- 
vinced that the apparent lack of interest on the part of 
the foundry industry in following a plan to predeter- 
mine costs has been due in some measure to lack of 
information on how this might be accomplished. It 
was with this thought in mind that the author has 
sought to explain the function a cost control depart- 
ment might serve, as well as some of the basic steps of 
a good cost control system. 

Perhaps the best definition of cost control is that 
given by Webster. He states that control is a matter of 
“directing influence over,” “regulating” and “anything 
affording a standard of comparison or means of verify- 
ing.” This definition may be applied to cost control. 

It might well be said that a cost control department 
serves management through an assumption of the re- 
sponsibility of directing, regulating and verifying costs 
through standards of comparison. 
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DISCUSSION 


Chairman: R. L. Lee, Grede Foundries, Inc., Milwauk 

Co-Chairman: G. TispaLe, Zenith Foundry Co., Milwauke« 

\. H. Epwarps': You mentioned production of hourly 
incentive workers. Do you have figures bearing out w! 
percentage is as to the production that you will get? 

Mr. Westover: It is generally conceded that on a measured 
work basis, you can expect the production of hourly workers 
to average about 60 to 70 per cent of the production of in 
workers when they are producing at standard (Fig. 2). Operating 
under measured work standards, incentive workers, in order t 
make extra pay, must go above your standard in product 
In other words, if we think of minutes of work produced, thy 
day worker or hourly worker will give you about 40 minutes 
of work against a standard of 60 minutes being required of ar 
incentive worker before he makes any additional pay. 

My paper states that you would use the same standard fo; 
measure of work for the hourly worker as you would for ty 
incentive worker. However, do not expect because you set 4 
standard that you are going to obtain from the hourly worker 
what is termed standard production. Standards will give 
a measure of the performance of your operators. Standards wil] 
give operators in the so-called hourly or day work shops som 
idea of what is a fair day’s work. I certainly advocate the us 
of standards, but believe that when you have gone that far 
you would want to go on into offering some incentive to induc 
the operator to increase his production. 

MeMBER: At what percentage of capacity operation shou 
you absorb burden? In other words, at what point would \ 
establish your break-even point? 

\. E. HaGeBorck*: At about 60 per cent of capacity. 

W. E. Georce*: Would the industry find 60 per cent of its 
capacity used, do you suppose, over the course of ten years 
Mr. HaGesporck: We have used 60 per cent for 25 years 

Mr. Westover: That might vary with the different branches 
of the castings industry. I think 60 per cent would be a reason 
able figure. I have seen 50, 60, and 65 per cent used. Individua 
companies may determine a figure of their own. 

Mr. Hacesoeck: You are better off to operate at about 80 
or 90 per cent of capacity than at 100 per cent capacity. 

Mr. Westover: I am sure that many plants found during 
the war that operations over capacity were costly when the; 
passed a certain point. 

Mr. Hacesoeck: A good cost system would show that. 

Member: What would those costs be? 

Mr. Westover: One thing in particular is lack of goo 
supervision. In going to third shift operations, for instanc 
your supervision would be either spread too thin or inexperi 
enced, resu!*ing in high scrap and other waste. 

Memperr: * was thinking of a one shift operation. 

Mr. Westover: The chances are you would not go ove! 
your capacity in one shift operation. 

Mr. Georce: There is overtime for the sixth and seventh 
days, and that overtime is going to raise your costs per uni 
of labor. 

Memser: Then do you base capacity operation on six days 

Mr. Hacesoeck: You base it on five days, 40 hours. 

Member: What additional cost do you have between 80 pet 
cent of that and 100 per cent. That is the point I made. 

CHAIRMAN LEE: In one of our plants we operated at theoreti 
cal capacity. Every molder’s floor was filled for four days pet 
week for 27 years. When we operated at actual capacity, our 
supervision was inadequate to take care of all the molders we 
had. You always figure a certain group of molders being absent 
The situation is the same in the core room or any department 
So, personally, I do not think that a practical capacity can be 
any more than, say, 90 per cent of your theoretical top capacity 

Mr. Hacesoeck: We figure if we operate 80 per cent of 
capacity we are running full. You have a little leeway there 
You are not all tied down. When you have all floors filled 
it just does not work. 

M. R. Vironp*: If you are operating a foundry below the 
break-even point, what factor do you consider in arriving at? 
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elow which you would not want to take a job 





do you consider in arriving at a price below w 


want to refuse a job? Would you add profit i 
without profit, o1 without all the overhead 
Westover: I cannot justify taking any job without a 
is one of the curses of the foundry industry. People 
ally justifying taking a job below cost in order to 
lien. When they start doing that, they can justify 
y job that they take, below cost, and that its what 
n the 30’s. I cannot justify taking any job withou 
2 sorbing your burden cost, and I say it is far bette: 
e that you must have a profit. 
HAGEBOECK: What is the percentage of fixed overheac 
(eorGE: As I drew the figures for my paper, they wert 
fixed overhead of $18,000 a month tor that par 
rt That represented 1,000 tons. So that when you 
100 tons, vou had $18 overhead. If you had 500 tons 
was double that or a $36 overhead I think possibly 
iestion coming from a captive foundry, they may be 
how they can compare the cost in a captive foundry 
of a supplier who is quoting on castings. When 
iy foundry cost in a captive foundry, you have to 
you should carry for administrative expenses and 
should add on for your general company burden 


distribute the top load of the company down t 


“e where the foundry has to carry so many thousand 
month, and you could put that against everything 
rrive at a total cost Then vou would sell vour 

g division or assembly division castings at your total 
your total cost plus a flat percentage, if the company 

you to show your foundry unit operating at a profit 
compare with a competitor, I certainly think you 

a due share of your top company burden allocated 

he foundry division and spread against everything you 
make a fair comparison And remember your com 
rice contains the equivalent of that plus a selling cost 

: expected profit. You have not added the selling cost 

possibly, so that if you followed this estimate form as 

: ip in my paper, you would get a total plant cost. On 
it, vou could estimate a selling and administrative 

se. You would have the administrative expense but not 

ling expense, sO you could take five or ten per cent for 

ex pense and add that on and sav that would be vou 
er’s total cost 

Now, he undoubtedly has 10, 15 or 20 per cent more added 

profit, so as you would try to compare your total cost 

s selling price or his total cost, you have to get as neat 

D e basis as he has in order to make a fair comparison 

Member: In connection with Mr. Westover and Mr. George's 

ents, I believe that the inference given in connection with 

g the selling price is not what your actual costs are but 

you figure is a practical or normal cost position for estab 

ent x a selling price. In other words, if you are operating a 

it below capacity you cannot price your goods at below 
You would price yourself right out of the market. So in 
ring to arrive at a cost, whether for comparison with 
tside, or for selling purposes, you should always be com 
your costs on the basis of what would be considered 
90 per cent of capacity, and use that as a basis for 
ing selling price. I think that is really what vou have 
If you got below that, how would vou establish a 
our g price, if vou tried to get your actual cost in below 
sw citve The inference is that vou could not. But if vou 
sent ted to bring up the capacity of your plant, you should cost 
nent ; ng on what might be construed as capacity or normal 


n ' sis, and on that basis you could set a price which ultimately 


hill up your plant and give vou capacity operation 
Westover: When we talk of basing a price on 60 per 


ipacity operations, it is to enable a foundry to at least 


z x even at that point and find their profit in operations 

oa that point. By the use of such a figure they will know 
- } henever the operation falls below 60 per cent—if they are 

Tul . . 

3 ul as a basis for figuring costs—that they have a poten 

e ss in everything that they sell. It is true that profits will 





Ss your percentage of capacity operation varies 





‘AIRMAN Lee: It is usual practice—at least, in gray iron 








to use under or over-absorbed overhead. You are right if your 


theoretical capacity is 6U per cent and you are | 


asing your 
hgures on 6U per cent of that, you base a certain percentage 
or dollars per ton for your burden. If you fall below that, you 
do not try to make it uy You still charge at that same rat 
in establishing your price 

On the other hand, if your operations go above that, then 


I i because over a period ol 


you have an over-absorbed overhead 
vears vou will have some years above If vou have over am 


} " 
under-absorbed 


overhead, then you have a chance to maintain 
a constant level 
I thoroughly agree with you that it is not tair if you are 


operaling at 10 per cent capacity, to try to establish a price 
on the jobs you are running in your plant on the basis of 
10 rather than 60 per cent esumated capacity 

Mir. Grorce: I think we have talked break-evens and nor 


mals so much that undoubtedly a lot of you are confused. This 


may confuse you turther lo me, the normal is not the break 
even Ihe normal is the point at which you will make the 
profit you put into your estimate When you estimate tha 
you want to make 15 per cent, you find a total normal cost 
add 15 per cent to it on inverse figures, or just a straight | 
per cent, and you come up with a selling price And then if 


you hit this 70 per cent of your capacity in terms of my chart 


if you run 700 tons year in and year out, you will be making 


the 15 per cent, providing your costs are under control and 
you can get your actual direct costs in your estimate Now 
this will illustrate what it amounts to in this overhead 


If we apply the $18,000 overhead at the break-even point 
of 500 tons as I showed it, it amounts to $36 per ton 
When you are estimating you ought to put in $26 for that 
burden, or $18,000 divided by the normal of 700 tons. You 
ought to put in $36. If you put it in, you will be putting $26 
into every estimate, knowing that when you hit 700 tons a 
month, you are breaking even with overhead and making the 
profit you expected. You are not just breaking even in overall 
operations but are merely breaking even with your estimat 
That is the distinction | want to make between a break-even 
point and a normal absorption point 

Mr. Hacesorck: I think we all over-estimate the percentage 
of costs for fixed charges. You are just kidding yourself when 
you take a lot of work below cost in order to absorb overhead 

It is considered good practice to take your iron figure at 
current costs even if you operate under the 60 per cent for the 
reason that in operating a cupola in a gray iron foundry the 
percentage of operation does not materially affect this item 


However, overhead or burden in 


all other departments will be 
materially effected when running under the 60 per cent. Mr 
Lee has referred to over and under-absorbed burden, an item 
that most foundries watch very closely, and over the years, in 
normal times, we had developed percentage figures that will 
average out over a five or ten-year period. However, it must 
be remembered that if costs will continue to increase as they 
did during the war period and as they are now increasing in 
the postwar period, we may all find it necessary to establisl 
higher standard figures as a safe yardstick 

1 agree with Mr. Westover that there is very little justific 
tion for ever taking a job for less than cost 

Mr. Westover: The greatest variable we have in costs in the 
foundry business is our labor item 

Mr. Hacensorck: That is right 

Mr. Wesrover: Burdens can vary depending on company 
policy. So we must list as an important variable, company 
policies. The matter of the variable labor in the production 
of castings varies greatly with foundries. I think that is the rea 
son so much effort has been put forth by the Time Study and 
Job Evaluation Committee in trying to bring to you the method 
and means of establishing standards of time for production 
If you have a true measure of work in the making of your 
castings, you are going to come close to controlling your cost 
and vou have the essential thing that will give you nearer a 
true cost than vou have without standards. I believe we are 
going to talk more and more about standard costs, and standard 
costs means coupling standards of measure, such as the measur 
ing of time by standard data as well as measuring your mate 


rials and the other things that go into castings 
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IBSTRACT 


One goal of laboratory sand testing is to obtain maximum 
control over the composition and properties of sand mixtures 
by means of standard methods. Equally important, however, 
is the attainment through laboratory testing of control over 
actual mold quality. 

By means of testing techniques based on standard procedures, 
but modified to take into account variables frequently encoun- 
tered in production practice, a method is described for ac- 
cumulating data useful in defining the range of values over 
which production mold properties may extend. A technique is 
also described whereby estimates of any mold property may be 
obtained by non-destructive testing. 


Ir Is NOW COMMON FOUNDRY PRACTICE to deter- 
mine the properties of green molding sands by testing 
under the controlled conditions defined in the stand- 
ards and tentative standards adopted by the American 
Foundrymen’s Association. These tests are vf great 
benefit in achieving control over sand mixtures, and 
by virtue of their nearly universal recognition permit 
ready exchange and understanding of test data among 
foundry personnel. 

It is apparent, however, that production foundry 
practices introduce certain variables not accounted for 
in laboratory testing techniques. Although a high 
degree of control may be maintained over sand com- 
positions by standard testing at the time of mixing, it 
does not necessarily follow that this control is auto- 
matically extended to include the quality of molds 
and castings. The author believes that in addition to 
making standard tests for the purpose of controlling 
sand mixtures, it is also desirable and beneficial to 
understand thoroughly the extent to which operating 
variables are capable of affecting mold properties. 


For example, laboratory testing might indicate the 
moisture content of a green molding sand to be opti- 
mum, and physical properties to be satisfactory in 
specimens rammed with three blows of the rammer ac- 
cording to the standard method. Assuming the test 
sample was taken from a freshly prepared mix, many 
factors may cause the moisture content of the sand to 
change by the time it is finally rammed into a mold. 
Furthermore, variations of the degree of ramming in 





1 Foundry Sand Testing Handbook, published by American 
Foundrymen’s Association, Chicago, fifth edition (1944). 


production practice may be of considerable magnitude, 
with the result that finished molds are likely to hav 
properties different from laboratory test specimens 

It is the purpose of this paper to demonstrate the 
extent to which several mold properties can vary when 
sand moisture content is not a constant, and when the 
ramming energy is other than the rigidly controlled 
value used in making standard tests. The fact that 
such variations occur is, of course, well known. An at 
tempt is made herein to define the variations in a 
quantitative manner and to demonstrate useful co 
relations based on the data. 


Materials and Specimens 


Two typical synthetic molding sands of the follow 
ing composition were selected for the tests: 


Mix A 


Bank sand, A.F.A. Fineness No. 150, clay content, 0.9 per cent 
Western bentonite, 4.50 per cent 
Cereal flour, 0.50 per cent 


Mix B 

Washed silica sand, A.F.A. Fineness No. 70 

Western bentonite, 4.00 per cent 

Using these basic formulas, six mixes of each com 
position were prepared which differed only in their 
water content. The moisture was varied in steps ove! 
the entire workable range for each basic mix. Contro! 
over uniformity of the mixes was obtainéd by care- 
fully weighing all ingredients from standardized stocks 
by establishing the mixing time at one minute dry and 
15 minutes wet in a covered muller, by aerating each 
mix through a six mesh screen, and by storing the 
mixed sand in sealed containers which were openec¢ 
only to remove sand as each test specimen was pro- 
duced. Frequent checks were made to insure that no 
change in moisture content occurred while any series 
of tests was in progress. 


Method of Study 


In addition to standard specimens made by ramming 
with three blows of the rammer, specimens were als0 
made with one, two, four and five blows. The tes 
specimens of each basic mix, therefore, varied in mols 
ture content within the workable limits and also varied 
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ness corresponding to a range which would be 
d from “‘soft-rammed” to “hard-rammed.” 
following properties were determined for each 
combination of moisture content and degree 
ming: 
litv, A.F.A. standard method 
ve strength, A.F.A. standard method 
mation, experimental method 
strength, A.F.A. standard method 
hardness, A.F.A. standard method 
nt density, experimental method 


specimens were tested immediately after form- 
nd the tests were made in triplicate. Average 
s only are used in presenting the data. In consid- 
each physical property determined in these tests 
; necessary to deal with three variables; the data, 
fore, has been assembled in the form of plan views 
ree-dimensional graphs. The magnitude of each 
erty with variations in moisture and ramming is 
wn by means of contour lines which pass through 
nts of equal elevation. 


Property Test Results 

[he data presented in Fig. 1 to 12 inclusive define 
physical properties of Mixes A and B throughout 
the ranges tested. Optimum moisture for best working 
haracteristics was considered to be about 4.3 per cent 
for Mix A and 2.5 per cent for Mix B. In each case it 
vill be seen that the properties vary considerably when 
both the moisture content and ramming energy are 
hanged from standard values, and changes follow 

smooth, characteristic patterns for each property. 
Permeability. Figures 1 and 2 illustrate the perme- 
ibility ranges of Mixes A and B and show same gen- 
ral type of pattern. Both mixes provided the highest 
permeability at a definite moisture content for any 
specified degree of ramming. The permeability of Mix 
\ decreased when moisture was raised or lowered from 
1.0 per cent. The critical moisture content for Mix B 


Fig. 1—Permeability range chart of mixture A. 
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was 2.0 per cent. Employing any moisture content in 
the range tested, the permeability of both mixes de- 
creased as ramming was increased and the rate of de- 
crease became less as more ramming energy was applied. 

Of particular interest is the amount of change in 
permeability which occurred over the entire range of 
these tests. The results demonstrate that if moisture 
content and ramming were varied in production use 
of these sand mixes to the extent indicated, molds made 
with Mix A might have a permeability anywhere be- 
tween 22 and 43 while the permeability of molds made 
with Mix B might fall between 95 and 170. Thus the 
effect of possible production variables should be taken 
into account in interpreting standard laboratory tests, 
which would have indicated the permeability of Mix 
A to be 33 and that of Mix B to be 126. 

Compressive Strength. Figures 3 and 4 show the 
compressive strength of the test mixes with the same 
variations in moisture content and ramming previously 
described. Again it was found that the pattern of 
this property was similar for the two mixes. Highest 
compression strength with Mix A was achieved with 
about 3.0 per cent moisture for any specified ramming 
energy. This peak is not defined clearly for Mix B 
since it appears to fall at a moisture content below that 
required for safe molding qualities. Extrapolation 
would indicate the peak to fall between 1.0 and 1.5 per 
cent moisture which is outside the usable range. 


Moisture and Ramming Variations 


It is again of interest to note the wide range of com- 
pressive strength values which resulted from variations 
in moisture and ramming. Values ranging from less 
than 3.5 psi to over 8.0 psi were obtained, while the 
standard test results indicated the compressive strength 
of Mix A to be 5.9 psi and of Mix B to be 5.3 psi. 

Deformation. The effects of variations in ramming 
and moisture on deformation of Mixes A and B are 


Fig. 2—Permeability range chart of mixture B. 
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Fig. 3—Green compressive strength (psi), mixture A. 
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Fig. 4—Green compressive strength (pst), mixture B. 


shown in Figs. 5 and 6. Changes in ramming did not 
appreciably affect deformation of Mix A except in the 
high moisture range. Deformation increased over the 
entire range as moisture was increased. With Mix B, 
ramming affected deformation to about the same ex- 
tent as moisture. With both mixes, it was found that 
in the high moisture range hard ramming caused a 
slight decrease in deformation. ; 

Values ranging from 0.006 to 0.030 in./in. were 
found with Mix A and from 0.006 to 0.015 in./in. with 
Mix B. Values for the standard test conditions were 
0.016 in./in. for Mix A and 0.008 in./in. for Mix B. 
Unlike the permeability and strength results, the de- 
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formation property was not found to peak at a particu. 
lar moisture content but, in general, increased direct) 
as the moisture was increased. 

Tensile Strength. The tensile strength test results, 
shown in Fig. 7 and Fig. 8, revealed an unusual! pat 
tern for both mixes in that optimum amounts of both 
ramming and moisture were found required to ob. 
tain the peak green tensile strength. To define this 
relationship in a different manner, it was found thar 
in the low moisture ranges for both test mixes, ram. 
ming energy beyond certain amounts caused the ten 
sile strength to decrease. 

No explanation of this phenomenon is offered, bu: 
if such a condition actually exists it would have prac. 
tical significance when ramming molds with sand tem 
pered in the dry range. Again it was found that vari. 
ations in moisture content and ramming resulted in 
tensile properties widely different from those obtained 
under standard test conditions. The standard tensile 
strength values were 7.0 oz. per sq. in. for Mix A and 
13.7 oz. per sq. in. for Mix B. 


Property Patterns 


Surface Hardness. Determination of surface hard 
ness of the test mixes, shown graphically in Figs. 9 and 
10, reveal that the pattern for this property approxi 
mates the compressive strength pattern, the two prop- 
erties being roughly proportional. Both hardness and 
compressive strength appear to reach peaks at the same 
moisture content for each test mix. Hardness values 
ranging from 45 to 85 were found with Mix A and 
from 45 to 75 with Mix B. The hardness values deter- 
mined under standard test conditions were 71 and 68 
respectively. 

Density. As a matter of further interest, specimens 
of the two mixes were formed under the various con- 
ditions of moisture content and ramming and the ap 
parent density determined. The results, shown i 
Figs. 11 and 12, reveal similar patterns to those ob- 
tained in the permeability tests, with the permeability 
inversely related to density. The density of Mix A 
varied between 86 and 95 lb per cu ft and that of Mix 
B between 91 and 98 Ib per cu ft. 

Non-destructive Testing. As the data were assembled 
and plotted, it was found that the various sand prop 
erties followed characteristic patterns when moisture 
content and ramming were varied. It then became ap- 
parent that the determination of one property unde! 
known moisture and ramming conditions would per 
mit other properties to be estimated by reference to 
the same intercept on the other graphs. Practical ad 
vantage of this principle might be gained in non-c 
structive testing of molds. 

The surface hardness test, which can be made con- 
veniently at almost any location on a mold surface, re 
sults in a small indentation but does not destroy the 
mold or affect its serviceability. Moisture tests made 
of a representative sand sample taken at the time o! 
ramming the mold, combined with the hardness value 
as determined at the mold surface, provide sufficient 
data to establish the exact ramming energy applicd at 
the mold location under consideration. 

Reference to graphs of other physical prope! ties 
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#6 ploying these established values of moisture and values was found to be quite different for those prop 
s ramming, would permit estimates to be made of these erties which were influenced by the grain size of the 
er properties existing in the mold. It is, of course, two test mixes, the effects of changes in moisture and 
ie cessary to maintain control over the composition and ramming on these properties conformed to the same 
we roperties of the production molding sand by the general pattern. 
. isual standard tests. 2. The magnitude of the changes in physical prop 
; ; erties of the test mixes which resulted from variations 
pa Conclusions in moisture content and ramming within the work 
It has been found that several physical prop- able limits was found to be very great. These data 
. rties of two basically different synthetic molding sands emphasize the importance of knowing the extent to 
ie follow similar trends when test specimens were molded which moisture and ramming vary in production use 
~ inder various combinations of moisture content and of molding sands, and of understanding the effect of 
nming energy. Although the magnitude of the these variations on the properties of molds as com 
it Fig. 7—Green tensile strength (oz./sq.in.), mixture A. Fig. 8—Green tensile strength (oz./sq.in.) mixture B. 
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Fig. 9— Surface hardness range chart of mixture A. 


Fig. 11 — Apparent density of mixture A (lb./cu.ft.). 
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pared with the values obtained when testing the sand 
under standard conditions. 

3. It is believed that when a molding sand has been 
surveyed by the method presented, the data would 
then permit the non-destructive testing of any molds 
produced with that sand. It would be necessary to 
make a moisture determination of the sand just prior 
to making the mold, and surface hardness determina- 
tions at any desired location on the mold. The point 
of intersection on the hardness graph of the values 
so determined defines a reference point which, when 
applied to the graphs of the other properties, would 
provide an estimate of permeability, strength, or any 
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Fig. 10—Surface hardness range chart of mixture B 


Fig. 12—Apparent density of mixture B (lb./cu.ft.) 
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other property previously surveyed, at the location ot 
the mold under examination. 

4. Although fairly close correlations were found to 
exist between certain properties, for example, com 
pressive strength and hardness, or permeability and 
density, the data taken as a whole indicates that mos! 
sand properties vary independently of other prope 
ties when moisture and ramming are changed. In s¢ 
lecting an optimum moisture content and degree 0 
ramming for a molding sand as applied to a particula! 
casting, it is necessary to make compromises based 00 
requirements of the part and knowledge of sand prop 
erties beyond that provided by standard test results 
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SURVEY OF 
FOUNDRY COKE CHARACTERISTICS 


D. E. Krause* and H. W. Lownie. Jr. 
Columbus, Ohio 


EFFICIENT UTILIZATION OF COKE in the cupola re- 

, knowledge of the characteristics of coke which 

ereatest effect upon the economy and efficiency 

ola operation and upon the quality of the iron 

d. At the present time, the foundryman has 

ictical laboratory tests by which he can reliably 

ct the behavior of various foundry cokes in his 

particular cupola practice. If such tests were available, 

they could serve as a basis for coke specifications and 

enable cupola operators to make adjustments 

ictice to obtain maximum performance from cokes 
different characteristics. 


It is the purpose of this paper to review and sum- 
marize the published information on foundry coke, 
and to present test data which help to define the 
problem. These data were selected from tests con- 


ducted on foundry cokes in connection with cupola 
studies made by the Gray Iron Research Institute, Inc. 
It is believed that a critical summary will be of value 
to the cast iron industry in general. This summary is 
intended to stimulate thought on the problem of 
foundry coke, to prevent duplication of past efforts, 
to summarize lines of attack which have been fruitless 
in the past, and to indicate a new research method 
hich may prove successful. 


1. Conclusions 
\ review of the literature and supporting experi- 
ntal studies indicate that, up to the present time, 
no suitable tests or combinations of them have been 
nade available to foundrymen for predicting the be- 
havior of foundry coke in any particular type of cupola 
peration. The problem is further complicated by the 
wide diversity of types of cupola operation. Laboratory 
tests have shown only limited and doubtful correlation 
with full-scale commercial operations. Of the various 
properties of coke tested to the present time, uniformity 
of size is reputed to be the most important factor con- 
trolling commercial operation. Coke strength seems to 

the factor of next importance. 

Conventional commercial cupola operation at its 
est is beset with many variables—coke being only one 
{ them. These variables are so difficult to eliminate 
that it becomes an extremely difficult problem to adapt 
the performance of large commercial cupolas to the 
btaining of reliable quantitative data which will per- 
it prediction of the performance of various cokes 

ised in other commercial cupolas. 


tive Director, Gray Iron Research Institute, Inc. 


It seems reasonable to expect that a small cupola 
operated under rigorously controlled and standardized 
conditions can provide the necessary criteria for the 
qualitative comparison of the behavior of foundry 
cokes. However, the comparison of the behavior of 
such cokes in larger commercial cupolas under various 
conditions would still have to be ascertained. Although 
this may present a considerable task, hope is provided 
for the development of a test that can be reliably inter- 
preted and which may provide the desired ability to 
predict coke performance in a cupola. A fresh start has 
been made in that direction. Figure 1 shows a 10-in. 
diameter cupola which has yielded highly reproducible 
performance over a considerable number of heats. ‘The 
results obtained using this cupola as a tool for assessing 
coke performance will appear in future publications. 


Il. Review of Foundry Coke Literature 


Chemical Abstracts was used as an index to publica- 
tions on coke from 1936 to 1946. From approximately 





Fig. 1—Experimental 10-in. cupola in operation. 


Tapping Temperature 2760 to 2820 F 
GEN: ctapanccouseceteeietees esas 1, x 1% in. 
Coke Ratio... 7% tol 
Air Rate..... Py 11 to 121% lb/min 
PN MNO neni tn neneebidseesns 600 to 700 lb/hr 


** Research Engineer, Battelle Memorial Institute 
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in 1941 and the subcommittee later disbanded. The 
land, Bulgaria, Poland, Italy, Rumania, and Brazil. 

158 were selected as bearing upon the performance of 
coke in the cupola. The selected articles, listed in the 
bibliography at the end of this paper, originated in 
fifteen countries as follows: England,41; United States, 
38; Russia, 32; Germany, 25; France, 7; Japan, 4; Scot- 
land, 2; India, 2; and one each from Belgium, Switzer- 


Scope of Literature Review 

Some thought was given to the advisability of ex- 
tending this review of the literature back beyond 1936. 
However, after a review of several of the major papers 
published between 1925 and 1935, it was concluded that 
most of the significant work done before 1936 has been 
included, summarized, or modified in later papers. The 
review from 1936 to 1946, inclusive, therefore, is be- 
lieved to satisfy the requirement of a general picture 
of the present situation regarding foundry coke. 

Each of the selected publications was abstracted and 
the general summary has been prepared according to 
the following outline: 


\. SPECIFICATIONS 

B. Usuat ANALYTICAL AND Test METHODS 
1. Sampling 

Chemical Analysis 

Calorific Value 

Mechanical Strength 

Other Tests 

C. COMBUSTION AND COMBUSTION TESTS 

D. Reactiviry AND Reactivity Tests 

E. PROPERTIES 


€ 


= oor 


i 


1. General Reviews 
2. Special Tests 
STRUCTURE 
G. Curora OPFRATION 
1. General Reviews 
2. Coke Size 
3. General Operation 
H. BLast-FURNACE OPERATION 
I. CHEMICAL TREATMENT 
J. PRODUCTION 


A. SPECIFICATIONS 

Standard specifications for foundry coke are limited 
to test methods, procedures, and nomenclature. The 
desirable range of properties is not indicated nor speci- 
fied in any known standard specifications. There may 
be, however, some instances in which progressive indi- 
vidual plants or organizations have adopted unpub- 
lished specifications which specify particular properties. 

Standard test methods are published by the American 
Society for Testing Materials to cover sampling pro- 
cedures and several common tests.} 

Standard Specification for Foundry Coke D 17-16 of 
the ASTM was written in 1916. This standard specified 
the following proximate analysis for foundry coke on 
a dry basis: 

Volatile Matter — Not over 2.0 per cent 
Fixed Carbon — Not under 86.0 per cent 
Ash Not over 12.0 per cent 
Sulphur — Not over 1.0 per cent 


The subcommittee charged with revision of this out- 
dated specification reported in 1941? that the specifica- 
tion had outlived its usefulness, and that it was not 
possible at that time to prepare general foundry-coke 
specifications which would cover current operating 
practices. Accordingly, the specification was cancelled 
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ASTM is not carrying on any activities beari 
foundry-coke specifications at the present time.* 

There are numerous statements throughout th 
ature deploring the lack of suitable consumers’ 5) cj 
cations, but there are as yet no universally accepted 
standards for controlling and specifying foundry cok, 
quality. Each producer has his own methods for »|an; 
control of coke quality. Such individual contro! tes; 
are often based upon the personal observations of 
foundry engineer or sales engineeer employed by ¢| 
coke producer. 


f 


The deficiency of acceptable consumers’ standards \. 
largely due to the fact that the interrelations of factor 
that make up coke quality are still undetermined. Th, 
determination of the properties of coke that affect com 
mercial operation is prerequisite to the adoption o| 
suitable standards. 


B. UsuAL ANALYTICAL AND Test METHODS 

1. Sampling—Sampling procedures and discussion: 
found in the literature emphasize the necessity for ob 
taining accurate and representative samples of coke t 
be tested. The significance of subsequent tests depend, 
upon the accuracy of the sample. 

The procedures and precautions contained in ASTM 
Standard Method of Sampling Coke for Analysis D 
346-35 for collecting the gross sample, crushing, mixing 
and reduction are typical of various recommended pra 
tices and are regarded acceptable for general use. 

All of the recommended sampling procedures ar 
based upon obtaining large gross samples by the col 
lection of a number of randomly selected increments 
ASTM Method D 346-35 recommends that, for foundr 
coke, a minimum gross sample weight of 250 Ib. by 
collected in not less than 25 nor more than 50 a 
proximately equal random increments. This practic 
attempts to average out heterogeneity and variation ir 
properties usually found within a single oven of coke 


Coke Sample Location 


There is an excellent possibility that informatio: 
of greater usefulness might be obtained by testing cok: 
samples selected from certain specific locations withi! 
the oven. Such specific sampling from locations next | 
the oven wall and at the oven center is illustrated late: 
in this review and has also been attempted on a limited 
scale by some producers. The difficulties attendant or 
such sampling, however, render it impractical {o 
routine testing. 

2. Chemical Analysis-The proximate analysis 0 
coke consists of the determination of moisture, volatil 
matter, ash, and fixed carbon (by difference). U/tima! 
analysis consists of the determination of carbon an¢ 
hydrogen as found in the gaseous products of complet 
combustion, the determination of sulphur, nitroge! 
and ash in the material as a whole, and the estimatio! 
of oxygen by difference. The standard American pre 
cedures for determining both the proximate and ult 
mate analysis of coke are contained in ASTM Spec! 
cation D 271-44. A number of foreign references sue 
gest variations of the American methods. 


*Private communication from Mr. A. C. Fieldner, Chairma 
\STM Committee D-5 on Coal and Coke. 
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analyzing cokes for proximate analysis, it is 

to adhere rigidly to the prescribed methods 
results obtained may be different if the proce- 
ire altered. Minor variations in temperatures 
es can appreciably alter the results. Until more 
methods are developed, it is advisable to adhere 
present ASTM methods so that the results ob- 
by different laboratories may be compared on 






e basis. 


Heating Value Determination 
ilorific Value—The calorific or heating value of 
D1 s determined quantitatively by the use of calori 
he [he actual determinations are rather laborious 
n ke and require considerable precision. However, 
fa sood correlations have been worked out between 
roximate analysis of cokes and their calorific 
These correlations are sufficiently accurate for 
st purposes and, with few exceptions, may be used 
ns t minate the necessity for making the actual calori 
tests. 
Mechanical Strength—Many workers on the prob- 
- em of coke quality feel that mechanical strength is the 
determining factor in coke quality. The usual tests for 
mechanical strength are the shatter test and the tumbler 
D test. The shatter test is made by dropping sized coke 
ng through an appreciable distance under standardized 
a conditions and measuring the degree of shatter due to 
the dropping. The tumbler test is made by rotating 
: standard sample of coke in a standard drum for a 
specific number of revolutions and measuring the 
degree of breakup. Standard methods for making both 
the shatter test and the tumbler test are specified by 
ASTM. 
lhe shatter and tumbler tests as specified by ASTM 
are not regarded as satisfactory for general use in testing 
foundry cokes. The shatter test was originally devel- 
mae oped for testing blast-furnace coke. In the application 
f the test to foundry coke, some producers have devel- 
oped variations of the test which use larger sample 


ior weights, larger coke before testing, and a more detailed 
ok screen analysis of the shattered coke. 

hit Che modifications of the shatter test vary from 
tt producer to producer, depending upon their individual 
ate experiences and the amount of thought which they 
ited have given to the problem. Variations of the tumbler 


test are also found, but this method is used in routine 
fo testing to a much less degree than the shatter-type test. 


Specify Test Conditions 


[he ASTM shatter and tumbler tests both have the 
‘aa disadvantage of being arbitrarily applied to cokes of 
certain sizes only. However, the number of modifica- 
tions of these tests is so great that the exact conditions 
it the test should be specified when results are reported. 
bs Other types of mechanical tests such as impact strength, 
a grinding strength, and bending strength have also been 
ied to foundry coke, but none of them have yet 
proven to be acceptable universally for the predic- 
of cupola performance under various conditions. 
Other Tests—Tests for density, porosity, volume 
of cell space, true and apparent specific gravity, ash 
temperature, and others are frequently applied 
routine testing of cokes. Most of these tests are 
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included in ASIM specifications. Foreign workers use 
similar tests varying from ASTM tests in some details 


C. COMBUSTION AND COMBUSTION TESTS 


Combustion is considered as the reaction of coke with 
air or oxygen. Combustibility is considered at the rate 
of reaction of coke with air or oxygen. 
standard test procedure for determining the combus 
tion characteristics or combustibility of coke, although 
numerous tests are proposed in the literature. Most of 


There is no 


these are made on small laboratory samples which are 
heated in a stream of oxygen or air. 

Combustion tests are usually designed to determine 
the ignition temperature of the coke under specifi 
conditions. The ignition temperature changes as the 
conditions of the test are changed. 

Combustibility is sometimes measured by continu 
ously weighing a sample while burning under stand 
ardized conditions. The rate of loss of weight is used 
as a measure of the combustibility. Another method 
is to determine the rate of temperature rise while the 
sample is burning under standard conditions, and to 
use some function of the temperature rise as an index 
of the combustibility. This latter method is the one 
used in the Boegehold Combustibility Test*. 


Sample Size Variations 

The major disadvantage of most combustion and 
combustibility tests is the small size of the sample used 
[he combustion characteristics of coke are greatly de- 
pendent upon particle size. The effect of particle size 
is so great that changes in the size of the coke pieces 
in the sample may affect the test results more than does 
the inherent combustibility of the coke. For this reason, 
combustion test results are dificult to correlate with 
commercial practice. 

The most precise combustion and combustibility 
tests are rather complicated to perform. Variations in 
the size of the sample, particle size of the pieces in the 
sample, percentage of oxygen in the gas stream, gas- 
stream pressure, gas-stream velocity, rate of heating, 
and physical arrangement of the test apparatus all 
affect the test results. 

For coke of a given size in a given test, the following 
factors have been credited with affecting combustion 
characteristics: particle size of the coal charge, coking 
time, coking temperature, coking rate, ash content, 
volatile-matter content, porosity, cell size, and degree 
of graphitization. 

The literature shows no indication of a correlation 
between combustion characteristics as measured in a 
laboratory test and regular commercial operation. Com- 
bustion characteristics of the coke must undoubtedly 
affect commercial operation, but it is apparent that 
other factors in operation have considerably more 
effect than the measured combustibility. Therefore, 
combustibility tests by themselves are of doubtful value. 


D. REACTIVITY AND REACTIVITY TESTS 

Reactivity is defined as the rate of reaction of coke 
with carbon dioxide to form carbon monoxide. The 
reactivity of coke is important in cupola operation be- 
cause the use of a highly reactive coke usually results 
in excessive formation of CO in the charge preheating 
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zone. Excessive CO not only usually results in lower 
melting-zone temperatures because of incomplete com- 
bustion, but it also results in high latent heat losses in 
the stack gas because of the presence of so much un- 
burned CO. 

With highly reactive coke, considerable coke is also 
lost by solution, i.e., by the reaction of coke with CO, 
to form CO. Therefore, coke ratios and thermal effi- 
ciencies are apt to be low when high-reactivity coke is 
used, and low-reactivity cokes in general would seem to 
be desirable for cupola melting. 


Factors Affecting Test 

Reactivity has been determined by a number of test 
methods. Essentially, all of them consist of passing 
CO, over coke heated to a definite temperature and 
determining the percentage of CO and CO, in the 
effluent gas. ‘The actual-test results vary with the tem- 
perature of the coke, temperature of the COg, pressure, 
CO, velocity, particle size of the sample, and other fac- 
tors. Under given conditions, reactivity is affected by 
the same factors affecting combustion characteristics. 

Reactivity tests are more difficult to perform than 
combustibility tests and are subject to the same disad- 
vantages. As in the case of combustion tests, reactivity 
has not been satisfactorily correlated with actual opera- 
tion. Other factors mask the effect of reactivity and 
make such correlation exceedingly difficult. Reactivity 
has received considerably more attention in gas- 
producing operations and blast-furnace practice than 
in cupola operations. 


EK. PROPERTIES 

1. General Reviews—Thirteen general review arti- 
cles on coke properties are listed in the bibliography. 
The first of these** is the most comprehensive single 
reference encountered in this review, although many 
of the coke properties shown are not representative of 
good-quality American coke. 

A summary of these articles shows the following coke 
factors to be considered as the most important in 
affecting commercial operation. They are listed in 
order of apparent importance: 

a. Uniformity of size 

b. High strength and hardness 
c. Low reactivity 

d. Low ash and low sulphur 

Size and strength taken together apparently consti- 
tute the best measure of coke quality known at present. 

These review articles are generally unanimous in 
pointing out the failure of present methods of testing 
to evaluate the cupola operating characteristics of coke. 
Support is also given for the belief that coke quality 
can be best assessed by use of full or pilot-scale tests. 

2. Special Tests—In addition to the usual tests listed 
under UsuAL ANALYTICAL AND TEsT METHODS, a num- 
ber of special tests have been applied to coke in an effort 
to determine some property that would correlate with 
commercial operation. At the risk of repetition, but for 
the sake of completeness, the following list includes the 
usual and special tests most frequently encountered in 
the literature (see adjoining column). 

As each of these tests has been made under numerous 
different conditions, each condition constituting a test 
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in itself, it is apparent that considerable effort has beep 
directed toward the solution of the problem. As none 


of the tests have yielded the desired results, it is interes, 
ing to note that all of them are laboratory tests. \\ jt} 
the present background, therefore, it appears lovica] 


that laboratory testing should be augmented by other 
methods of testing, and that the results of such tests 
should be more carefully correlated with commercial] 
operation. 

It should also be pointed out that the suitability of 
coke for a certain type of cupola operation will prob. 
ably involve the combination of several factors. Indi. 
vidual laboratory tests that have been used up to the 
present time apparently do not satisfactorily indicate 
the combined effect of these factors. Also, the relative 
importance of each property is not known. The solution 
of the problem will probably not be obtained by meas- 
uring properties independently. For a hypothetical 
example, let 

S = coke strength 

C = combustibility factor 

== empirical factor 

After testing a number of cokes it might be found that 
S x C x k equals a useful index of coke performanc 
S and C might vary independently of each other so that 
individual determinations of S and C would give little 
useful information, but a large number of combinations 
of S and C will give the same product. 


F. STRUCTURE 

A number of investigations have been made of the 
structure of coke, chiefly through the use of X-rays. The 
information obtained provides some fundamental back- 





Usual Tests 
Proximate analysis (moisture, volatile matte) 
ash, fixed carbon) 
Ultimate analysis (C, H,, O,, S. N,, ash) 
lotal moisture 
Shatter test 
Tumbler test 
Apparent specific gravity 
True specific gravity 
Volume of cell space (porosity) 
Bulk density 
Ash fusion temperature 
Composition of ash 
Sieve analysis 
Calorific value (heating value). 


Special Tests 
Combustibility and combustion 
Reactivity 
Electrical conductivity 
Thermal conductivity 
Specific heat 
Permeability 
Volatile therms 
Luster, color, and reflectivity 
Critical air blast 
Microstructure 
Macrostructure 
Crystal structure (X-ray) 
Selective flotation 
Impact strength 
Compressive strength 
Elevated temperature strength 
Wet oxidation. 
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uund, but little has been developed that can as yet 
applied to the solution of practical problems. 
G. CUPOLA OPERATION 
General Reviews—An English paper by O'Neil 
| Pearce in 193718 reported on a complete series of 
‘ts intended to correlate laboratory tests with per- 
ance in the cupola. It was concluded that none of 
laboratory tests used were capable of predicting 
havior in operation. Other papers report on the 
advisability of having coke of uniform size and suggest 
the use of baby cupolas for coke tests.11° 
-. Coke Size—The results of changing coke size are 
what controversial. By using smaller coke, temper- 
ature is sometimes increased, sometimes lowered; 
melting rate is sometimes raised, sometimes lowered. 
Blast pressure generally increases with the use of smaller 
coke. Variations in the reported results of a number of 
-_ independent tests from different sources are probably 
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due to uncontrolled variables in cupola operation, dif 
ferences in cupola construction, variations in charged 
materials, and nonuniformity of coke size. It is gener 
ally considered that the efficient operation of a given 
size of cupola requires the use of coke within certain 
limits of maximum and minimum size. Within these 
limits, it appears that the uniformity of coke size has 
more bearing upon operating results than the actual 
size itself, 

3. General Operation—Several papers on the effects 
of coke ratio and blast volume upon the composition of 
the stack gases are not too enlightening, although an 
early paper (1913) by Belden''® shows the gas composi- 
tion and indicates the temperatures found in various 
parts of a coke bed under blast. Belden shows the pres- 
ence of an inverted conical zone of max. temperature. 


The ability of a cupola to melt iron under adverse 
conditions is shown by the fact that cupolas have been 
operated on anthracite, peat, charcoal, and wood. 

As a general observation, various tests on cupola 
operation reported in the literature have paid very little 
attention to the quality of the coke being used. 


H. BrLast-FURNACE OPERATION 

The use of coke in blast furnaces has received con 
siderably more attention than the use of coke in 
cupolas. Thirteen articles dealing with blast-furnace 
operation that have been included in this review show 
that the type of work being done in this field closely 
parallels that being done with respect to cupola opera- 
tion. The problems in regard to blast-furnace operation 
are naturally somewhat different from those in cupola 
operations. Even so, the present conclusions regarding 
blast-furnace coke are very similar to those for cupola 
coke. Uniformity of size and high strength appear to 
be the two most desirable features. In each case re- 
ported, a change from unsized to sized coke resulted in 
improved furnace operation. Several papers conclude 
that actual use in a blast furnace is the only good meas- 
ure of coke quality. 


I. CHEMICAL TREATMENT 

The possibility of altering the properties of coke by 
chemical treatment has received considerable attention. 
Most of this activity has been directed toward increas- 
ing the reactivity of coke to be used in gas-producing 
reactions, gas absorption, and chemical processes other 
than combustion. For cupola coke, it is usually desired 
to go the other way and to reduce reactivity. 

Salts of calcium, strontium, vanadium, zinc, man- 
ganese, lithium, barium, cadmium, chromium, copper, 
mercury, potassium, sodium, aluminum, silicon, iron, 
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obably others have been used for the chemical 
nt of coke. The usual compounds are the oxides 
roxides, carbonates, sulphates, chromates, di- 
N es, and chlorides. None of the treatments ap- 
: ticularly promising for improving the opera- 
“ER cupola coke. 
nical additions have been made both to the 
| coal before coking and to the finished coke by 
x or spraying. There are objections to both of 
ethods of treatment. 
ical treatment has also been used to decrease 
content of coke. Reductions in ash content from 
7 per cent and from 6.45 to 0.70 per cent have been 
d in some investigations. 
itions of lime and other fluxing agents to coal 
een used to produce self-fluxing cokes which are 
cause less refractory loss in the cupola. 





’RODUCTION 


\s this review is being made from the consumer's 
point of view, only a few papers were selected on the 
production of coke. The selected papers are included 
‘9 indicate some of the methods that are being used in 
the production of coke to improve coke quality. Coal 
blending and coking practice are sometimes used as a 
basis of coke specification. Blending and coking prac- 
ice undoubtedly have a major influence upon the 
performance of coke in a cupola, and continued efforts 
along these lines are definitely desirable. However, pro- 
lucers are handicapped in such work because of the 
necessity of using the coals which are economically 
available in a particular area. At the present time, pro- 
lucers rely heavily upon contacts with the consumers 
f their coke and attempt to work out correlations be- 
tween some type of coke-plant control test and the re- 
sults obtained in cupolas using their particular coke. 

Che dry quenching of coke with gases instead of wet 
juenching with water has received some attention, but 
has not been generally adopted. Coke quality may be 
appreciably improved in some cases by washing the 
coal before coking. 

Most producers are regularly making tests to attempt 
to keep their products under control. However, such 
ndividual efforts aimed at uniformity of product from 
a single plant do not assure the uniformity of coke 
quality in the foundry industry as a whole. 


lll. Performance vs. Laboratory Tests 


Several examples of tests on foundry cokes are given 
low to illustrate some of the difficulties encountered 
when present methods of testing are used to correlate 


oke properties with performance in the cupola. 


PLANT SURVEY 


_ 


| wo cupola heats were run at each of the 18 member 
toundries of the Gray Iron Research Institute. These 
its were run on 12 different cokes or combinations of 
Cupola operating data and heat results were 
rded as completely and as accurately as was possible 
od commercial operation. The cokes were tested 
oy determining the proximate analysis by ASTM meth- 
ods, determining combustibility curves by a modifica- 
the Boegehold combustibility test and, in 
cases, by measuring other special properties. 
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Although certain trends were evident, the correla- 
tion between cupola performance and coke properties 
was generally unsatisfactory. That is, the correlations 
were unsatisfactory because they provided no depend 
able basis on which coke performance could be pre- 
dicted. The lack of correlation might also be due to 
inadequate control over some of the variables or to the 
effect of variables which were not evaluated 


B. SELECTED COKES 

Over an extended period of operation, each of three 

different foundries was able to set aside two lots of coke 

one lot of which gave good cupola performance and 
one lot which yielded poor performance. The perform 
ance ratings were based upon general cupola operation 
and were made by the foundry personnel. The product 
of these foundries varied from piston rings in one to 
heavy machinery parts in another. 

Laboratory tests for combustibility, proximate anal 
ysis, and true and apparent specific gravity, upon these 
three pairs of cokes, revealed no consistent differences 
between the good and poor cokes. None of these tests 
consistently predicted whether a coke should be rated 
as good or poor. 

In evaluating tests made at different foundries, with 
different types of cupola operation or producing dif- 
ferent products, considerable attention must be given 
to the fact that a coke that is considered good by one 
foundry may be considered poor in another type of 
operation. Such a divergence of opinion might mean 
either that the operation of one group of cupolas has 
not been adjusted to burn this particular coke properly 
or that the coke actually is not suitable to one of these 
types of operation. The determination of the effect of 
coke properties upon cupola operation must be made 
in such a manner that performance under various 
accurately controlled conditions of cupola operation 
can be predicted. 


C. DANGERS OF INADEQUATE SAMPLING 

During the plant survey mentioned above, cokes were 
sampled and tested according to ASTM recommended 
methods. With several cokes, however, a determination 
was made of the uniformity of coke properties from the 
coke-oven wall to the center of the oven. For one incom- 
pletely carbonized piece of coke (shown in Fig. 2), 
volatile-matter content increased from about 2.1 per 
cent at the oven wall to about 8.3 per cent at the oven 
center, as shown in Fig. 3. Ignition temperature in a 
combustion test varied from 960 F at the oven wall to 
780 F at the oven center, and fixed carbon content 
varied from about 89 per cent at the oven wall to about 
84 per cent at the center of the oven. 

These variations within this one lump of coke were 
greater than the variations encountered between all the 
different cokes previously sampled by ASTM methods. 
This piece of coke is admittedly of very poor quality, 
but the fact remains that it was selected from a routine 
shipment of coke made to a commercial foundry. 

In contrast to this piece of incompletely carbonized 
coke, Fig. 3 also shows the properties obtained across a 
section of high-quality coke that was sampled in the 
same manner. The properties shown in Fig. 3, there- 
fore, illustrate the extreme conditions obtainable in a 
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distance of about eight inches from oven wall to oven 
center, and emphasizes the sampling difficulties attend- 
ant upon coke testing. 

Because of the magnitude of the variation in coke 
properties that may be encountered, accurate sampling 
is extremely important. Inadequate sampling practice 
can well account for some of the poor correlation be- 
tween coke test data and cupola operations. When 
attempting to make such correlations, it is extremely 
important that (1) the true nature of the coke is quan- 
titatively known, and (2) that the cupola operation is 
carefully controlled and quantitatively recorded. 

Even assuming that accurate samples can be obtained, 
the values of data obtained on an average sample of 
widely differing components is likely to be misleading. 
The ignition temperature of a piece of coke depends 
more upon the maximum volatile-matter content in 
any part of that piece-rather than upon the average 
volatile-matter content Mere determination of an aver- 
age value yields little useful information unless limits 
are also established. It is easy to imagine two cupola 
operations, one with tapping temperatures of 2680 to 
2720 F and the other with temperatures from 2500 to 
2850 F. Both might show an average of 2700 F, but 
there is little doubt that the first would represent better 
operation. 

These difficulties involved in obtaining representa- 
tive samples emphasize the unreliability of laboratory 
testing using small samples when the data are to be 
applied to commercial operations. 
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DISCUSSION 


Chairman: B. P. Mutcany, Consultant, Indianapolis 
Co-Chairman: H. W. Stuart, U.S. Pipe & Foundry Co., bur 
lington, N. J. 

L. H. Rupesit.’ (written discussion): Mr. Krause and Mr 
Lownie’s analysis of the available data on foundry cokes @ 
be a valuable contribution to a new and different prog™™ 
toward uncovering some of the mystery in connection with the 
production of a suitable cupola coke. 

It is not my intention to repeat what has already been s#° 
in their review, as they have thoroughly analyzed the laborious 
effort of many workers and writers to develop some (cst that 
could be correlated to actual operating conditions. 
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ers point out that it has been impossible to de velop 





tion because none of the physical or chemical tests 
id be releated to cupola performance or operating 
e reason for this is the normal existence of in 
variables within the cupola and in the coke itself 
ial function of the cupola melting process unde1 
litions involves a continuous series of intermittent 
(he coke size, the melting rate, the fluxing rate, the 

he density of the charge and the flowability of the 
luce melting fluctuations and constant variables dur 





elting process. Because of these conditions, it seems 


28 to measure to any relative degree the coke qualities 
pilot or test heats in a test or experimental cupola 

5 443 the writers point out that each producer has 
vethod for plant control of coke quality. Such indi 

nica) trol tests are often based upon the personal observa 
hem foundry engineer or sales engineer employed by the 


cer. I do not feel that much progress can be made 
veloping any specifications for coke quality until the 
is taken by the coke producers. There seems to b« 
coordination or a lack of willingness on the part of 
ers to cooperate with consumers to solve the mysteries 
nnected with most complaints. Most complaints are 
with the assertion that the coke was poorly picked 
ibor situation or the inability to obtain suitable coal 
ill legitimate explanations but they are only assump 
HII do not develop the real analysis of the inferior 
ability to develop relative tests of foundry cokes 
ittributed to the fact that the consumer seldom has 
wledge of the original mixture or the coking procedure 
cate king time. It is not unlikely that in most cases the oven 
tendent can predict the quality of the coke before it 
$5 ed. This is not unusual as the same applies to the cast 
ron { steel industry. Without the original mixture and melt 
ng ta it is sometimes difficult to determine the cause of 
castings 
ot wish to cast any reflections on the coke manufac 
s I know a great many complaints are not justified 
feel, however, that a great deal could be accomplished by 
general dissemination of information in connection with 
of coal, coking times and manufacturing methods 


s probable that a joint committee composed of representa 

f both the producers and consumers would be an impor 
step in the right direction. Such a committee would be 
ible of sifting the data already available and would be 

= etter able to outline more practical tests 

[he writers have made an excellent contribution toward 


« t } 


suc 1 program and their paper can be used as the nucleus 

imited expansion of practical and technical knowledge 

ion nis subject 

1945 W. W. Levi written discussion): Foundrymen and cupola 

d,\ erators have for a long time recognized the need for the 

) elopment of tests which will enable them to properly 

ressive te cupola cokes and at the same time enable them to 

1 Ind redict with a reasonable degree of certainty just what to 

when various grades are used for cupola melting. It is 

Coke sratitying to Know that such able men as the authors of this 

r have undertaken a research on the subject in which 

s such general interest and where the need was never 

it the present time 

foundries with which the writer is connected, we are 

carbon control and particularly in the amount of 

ip by an iron charge during the process of melting 

ola There are, of course, some instances where it 

Bur that carbon is lost from the charge during melting.) 

is the carbon absorbed comes from the coke within 

Mr !, our interest centers upon the characteristics of the 
h influence the amount of carbon picked up 


gral roduce various grades of iron as follows 


Total Carbon 
Per Cent 
Strength 2.85-3.05 
motive 3.25-3.45 
inent Mold 3.50-3.70 (3.60 desired min 
al Castings 3.60-3.90 
ire Foundry Co., Radford. V 


plication 
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lo produce the various grades of irons just mentioned, we 
have over a period of years used by-product cokes pitch coke 
A." and beehive coke “A These three cokes used eithe 
singly or in combinations have been very useful in maintaining 
carbon control and definitely influence carbon pick-up. Duc 
to existing shortages, we have in the past few weeks resorted 
to the use of two additional cokes which will be designated as 
tch coke “B" and beehive coke “B" respectively As pointed 
ut by the authors, there seem to be no tests available at the 
present time which will enable foundrymen to predict the 
behavior of coke in commercial operation. In this connection 
we have made very few tests on any of the cokes we use, but 
have arbitrarily selected ash content as a basis of comparison 
Results obtained on the cokes referred to above are as follows 
Ash Content 


Coke I ype Per Cent 
Pitch Coke “A 05 
Pitch Coke “B 0.7 
Beehive Coke “A / 
Beehive Coke “B 10 
By-Product Coke 10-12 


In our shops, we have made many tests using cupolas lined 


=9 


to 72 in., equipped with front slag spouts. These cupolas are 
of the balanced-blast type. The air blast was dried to a uniform 
moisture content of four grain per cu. ft. and was measured by 
means of an air-weight control blower. These conditions as well 
as the weighing of the various components of the cupola charg 
were controlled as rigidly as is possible in an operation of this 
size. Under the conditions just described, our experience indi 
cates that pitch coke \ procuces the hottest iron at the 
cupola spout and also results in the greatest carbon pick-up 
The by-product cokes melt irons almost as hot as pitch coke 
‘A.” but result in a considerably lower carbon pick-up. Bee 
hive coke “A” does not melt as hot as either pitch coke “A 
or the by-product cokes, but the carbon pick-up is intermediate 
The behavior of pitch coke “B” is very similar to that of bee 


hive coke “A.” Beehive coke “B” produces irons of the lowest 


temperature with the lowest carbon pick-up. The foregoing 
data are tabulated as follows 
Type Relative lron Carbon Ash 
Coke lemperatures Pick-Up Per Cent 
Pitch “A Highest Highest 05 
Pitch “B” ird Highest 2nd Highest 0.7 
Beehive “A ird Highest 2nd Highest ] 
Beehive “B Lowest Lowest 10 
By-Product 2nd Highest Srd_ Highest 10-12 


For the production of high strength irons, we use by-product 
coke exclusively in order to obtain a minimum carbon pick-up 
For automotive irons, we can and do use by-product coke alone 
but prefer a combination of about 75 per cent by-product and 
25 per cent pitch coke “A For permanent mold irons, we 
find beehive coke “A” alone to be satisfactory when the cupola 
charge contains 35 to 60 per cent of pig iron and by-product 
coke alone is satisfactory when the charge contains over 60 per 
cent pig iron. When the charge contains from 15 to 35 per cent 


pig iron a combination of 25 to 35 per cent of pitch coke “A” 
and the balance behive coke “A” is desired. We have further 
found that a combination of 50 per cent beehive coke “A” and 
50 per cent beehive coke “B” behaves just about the same as 
100 per cent beehive coke “A,” 


permanent mold iron containing 40 per cent pig iron, while a 


when melting a mixture for 


charge consisting of 100 per cent beehive coke “B” was entirely 
unsatisfactory. On a few occasions, we have used a combination 
of three different types of coke, that is, 50 per cent beehive 
coke “B" and 25 per cent each of pitch coke “B” and beehive 
coke “A [his gave very satisfactory results. There are, of 
course, many other possible coke combinations that might have 
been used. However, the significance of these tests lies in the 
fact that a combination of cokes is in some instances very effec 
tive in bringing about the desired results for a particular appli 
cation in spite of the fact that at least a portion of the coke 
charge consists of a type which if used by itself would be very 
unsatisfactory 

\ yardstick for measuring the quality and characteristics of 
by-product coke which we have used for some time in our 
foundries is a formula by which we can accurately calculate 
the percentage of total carbon in the iron at the cupola spout 
when the percentage of carbon in the charge is known. If the 
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carbon pick-up is very far off from the calculation, we generally 
find ourselves in trouble from the standpoint of metal tempera- 
ture, and physical properties may be adversely affected as well. 

Practically all of the beehive cokes that we have used con- 
sisted of pieces weighing from three to four ounces up to three 
pounds or more; and a good deal of the by-product coke con 
tains pieces weighing from a few ounces up to four pounds 01 
more each. In spite of this, results obtained have been very 
satisfactory, though as pointed out by the authors, a condition 
which we call “good” might be considered pretty bad in anothet 
foundry. Likewise, the strength of the beehive coke is tar lower 
than that of either the pitch or by product cokes. Nevertheless 
we have obtained satisfactory results at least with beehive 
coke “‘A.’ 

Ihe writer would very much like to know something of the 
practices and auxiliary equipment used in operating the 10-in 
diameter cupola to which the authors have made _ referenc« 
Do they feel that such a cupola could be used as a practical 
laboratory tool for predicting the performance of foundry cokes, 
and could the cost of such installation be justified? 

CHAIRMAN MULCAHY (written discussion): The objective of 
the authors to establish or define a procedure for predicting 
the behavior of foundry coke for cupola operation is both admit 
able and important. Admirable because of the diversity of exist- 
ing opinions on the subject and a clarification certainly is in 
order and important because coke is more than just a fuel for 
the process, influencing as it does, the chemistry of the iron. 

The review of the literature by the authors is very compre 
hensive and I believe of sufficient extent to outline the present 
status of the subject 

As indicated by the authors there are many measurable 
characteristics of foundry coke—they point out also that while 
certain of the tests are satisfactory in their present mode of 
application others are quite unsatisfactory. The authors have 
also pointed out that one of the major difficulties has been the 
lack of correlation between certain properties of the coke and 
its resultant behavior The nub of the problem, of course 
centers in this situation 

The authors recognize the necessity for obtaining the final 
answer from commercial cupolas. This is essential to the solu 
tion of the problem. ‘The initial studies in the “baby” cupola 
should yield some worth while information pointing out the 
direction for their studies on actual operations 

The subject is broad and complex and of extreme interest 
to all cupola operators This initial report should certainly 
elicit considerable discussion, and the accumulated experience 
of the industry if directed along the lines suggested should be 
very helpful to this research program 

In their conclusions the authors state that “no suitable tests 
or combination of them have been made available to foundry 
men for predicting the behavior of foundry coke in any pat 
ticular type of cupola operation.” I feel that this statement 
is too broad in its implications and must disagree with this 
conclusion. The listing of the tests available certainly indicates 
that the subject has been given considerable thought and_ the 
lack of correlation lies with the cupola operator himself who 
has not used these tests to identify the features which affect 
his operation 

It must be kept in mind, which I am sure further work will 
reveal, that good coke can be obscured by poor cupola operation, 
and that under such conditions predictions of coke behavior 
are impossible, and further that good coke cannot be a guar- 
antee of good cupola results. This fact must not be lost sight of 
in the assignment of responsibility. 

lo one who has devoted considerable study to this problem 
from both the production and consumption standpoints, it is 
quite evident that there is no one single property of coke which 
can be used to measure or indicate its behavior even when used 
under ideal conditions. This means that the problem resolves 
itself into determining what group of measurable characteristics 
of coke can be employed for this purpose. 

The authors have done a real service in reviewing this sub- 
ject in the manner they have, and certainly success in their 
endeavor will be of lasting benefit to all cupola operators. 

G. C. Creusere® (written discussion): Messrs. Krause and 
Lownie have done some straight thinking and clear writing on 
the subject under discussion. 
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We of the by-product coke industry have for a 
years experimented through laboratory tests as well as 
in an effort to find a method or formula by which ¢ 
of foundry coke could be controlled and its perfor 
dicted in commercial cupola operation. Thus far we 
fess that our efforts have not been rewarded with w 
success. This is chiefly due to the following conditions 

[here is a wide diversity of type otf cupola opel 
as a consequence, a foundry coke which is ideal in pe 
in one plant will not necessarily give the same results it 
This is undoubtedly due to the fact that there 
variables in cupola operation, of which coke is only « 
far it has been impossible to eliminate all other variab! 

Furthermore, quality factors are not only important 
selves but in their inter-relation. The significance of 
relation has been difficult to measure because of diffe: 
ating methods and other problems in the foundry. 

Finally, our industry has been severely handicapped 
years by not being able to get the kinds of coal we wa 
quantities needed for adequate foundry coke productio: 

It is our confirmed opinion that the identification of 
characteristics and their inter-relation is a prerequisit« 
adoption of useful standards for commercial cupola o 
We of the Semet-Solvay Company will resume with adc 
our efforts toward the identification of these characteris 
the adoption of standards by which performance can 
dicted just as soon as the proper coals are available. | 
more progress is made in this direction, however, we fe H 
our present policy of working closely with our custom: 
individual operating units and maintaining the most rigi 
sible controls in the manufacture of our products is the gr 
contribution that can be made by the coke manufacturer 
gray iron foundry industry. 

Dr. J. T. MacKenzie*: The authors have rendere: 
service in having made this survey but there are some of 
conclusions that I differ with. One is the matter of cok: 

I will agree that uniformity of coke size from car to ¢ 

desirable but I would not agree that all one size is the ( 
cupola fuel. We went to some trouble to get some care! 

sized 4x 4 coke one time and found that the “2-in. and larg 

coke worked better 

One of the troubles with the test evaluation that the 
have made is that they are working in such a small part 
test field. If you consider the whole range from zero s! 
test to 100 shatter test, 1 am sure you would find that 40 shat ( 
test would be very inferior cupola fuel, whereas other vai 
might outweigh the difference between 70 and 80 shatte 
The same thing is true of volatility. Nobody would sp 
5 per cent volatile coke if he was not interested in getting 
the carbon absorption he could. The same is true of ash. \ 
know that 20 per cent ash is undesirable in coke but as betw 
a 6 and 8 per cent, the ash may not be the preponderant 
at all v 

We have made quite a few tests on the baby cupo ffe 
find that the results are not even applicable to a 48-in 
Two cokes may actually show in reverse order. We ha en 
cars of special beehive coke, the nicest coke we ever saw I 
18-in. cupola but it would not carry the burden in a /- 
cupola at all. In fact, we could not blow an 11-07. press 
and keep the slag from foaming. 

As to the number of tests in Great Britain and Gern 
I do not agree with the authors’ conclusion on that. Thi 
they made so many tests is because they were troubl 
coke problems all these years, whereas we have on! 
begun to have trouble. 

Mr. Lownie: I think that we are essentially in ag 
with Dr. MacKenzie on most of his points. Some of t! 
differences are merely matter of differences in ce! 
“Uniformity of coke size,” for example, does not necessa! 
coke sized to 114 x 134 in. as we used in the small cupola, or 
tx 5 in. for use in a larger cupola. For commercial us 
may vary considerably more than this and still be « 
relatively uniform in size. We certainly agree with D1 
Kenzie that we have covered only a very narrow range 
tion. That is simply because we have decided to s 
scratch on this problem and feel our wav along rat! 
tiously. This paper is mainly a summary of our interpret 
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‘ work hat has been done to date on this 
QO experiences with the 10-in. cupola have indi 
ent correlation with actual plant practice I his 


ich was designed by and operated for the Gray 


Institute is not expected to give results which 
irectly comparable to those obtained in a 48- or 
ut is expected to provide a tool for investigating 
a pilot plant basis and to furnish results which 
‘ for predicuion of results in large cupolas 
paper 1s not a description of the operauions ol 
ola but it should be mentioned at this time that 
s about this cupola are not purely hopes and con 
1 number of tests, this small cupola has shown 


ility to reproduce effects obtained in commercial 


itter of the number of published test results origi 
England, we agree that they have probably been forced 
er activity because of the inferiority of their coals 
red to American coals, but for that very reason 
ven contending for years with a problem that has 
became of great concern in this country 


K AWIN My mind goes back 45 years, before we had 


In all Griffin plants they had cokes that ran as 

18 per cent ash It has a good deal to do witl 
ent connected with the operation of the cupola 
ly I was in a foundry near Chicago. One of ow 


id just had a disaster, was getting some coke in 


o a pile of very small coke and reported satis 


rmance with it 

specifications at Griffin were around 8 to 10 per cent 
ur as low as possible I think the Doctor's idea 
rge coke mixed with some of the smaller coke is 
od as you can do today or ever do in the coke 
en you are making it from coal. Our experience 
ist use a little bit more if there is more ash, and 
or two of observation you will find it works out 

| would like to see some of them do that today 
Mutcauny: We have to remember that in taking 
‘ke from a commercial plant for assay in a baby 
must be artificially sized and in so doing the 
the coke had in its original form in the plant 
I think that the results in the baby cupola really 
neasure of the combustion properties of coke rather 
say that it can assay the total qualities of the coke 
O question of uniformity of size, I think none of us 
ipart in our reaction and interpretation of this 
It is largely a question of definition. You spoke of uni 
f size and I feel that the paper should more fully 
is meant in the conclusions. For example, you can 


mely uniform size coke, between 2 and 214 in. and 


ween 514 and 6 in. The principal factor here is the fact 
e the volume of voids remains practically the same 

e two cokes, the coke surface, however, is entirely 

It has been multiplied better than twice in the cas 
small coke, and this enters seriously into the question of 
n of blast, distribution of gases and rate of combus 
Mr. Lownie mentioned that they have not found any 
es of tests which permit identification or predicta 
rke Chere are quite a few factors of coke that we 


interested in, but not nearly so many as have been 
n the chart. Many of those, I think, can definitely be 

have no responsibility, with respect to the average 
or combustibility of the use of coke. I feel frankly 


f 


of these conventional tests, when modified, and I say 
n the case of foundry coke, can be of extreme value 
ng and determining when the tests are over, those 
influencing operations. I emphasized the need of 
ion of some tests because many of the original tests 
gned for blast furnace coke, which is entirely different 
ndry coke. The shatter test as designed cannot pos 
sed in connection with foundry coke, and the same 
th respect to the tumbler test. 
Me. Levi: I have a few comments to make on tests which 
in in cupolas lined to 72 in., operating under condi 
regular production 
ipolas are of the front slagging type, equipped with 
blast tuyeres, and the cupola blast is maintained at a 
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iniform moisture content of tour (4) grains per cu. ! One ot 
the things which we tound and which 1s no irticulariv new 
iS that the cone we have iscd five varieties in the ist tew 
weeks) which melted at the highest temperature gave us the 
yreatest Carbon pickup and the coke which metted at the owes 


temperature gave us the lowest carbon pickup. Lhat, of course 


is What we would expect 


We have also run a series of combinations of one or more 
Kinds of coke We have concluded that the significance of these 
tests lies im the tact that a combination of cokes ts th some 
instances very effective in brnging about the desired results 


for a particular application in spite of the fact that at least a 


portion of the coke charge consists of a type, which i used by 
itself, would be very unsatistactory [here is one other point 
which has been brought out by the authors What we ca 
satisfactory in our shops might not be satisfactory in another 
shop 


We have for the past few years been using a formula, or 
equation, for calculating the percentage of carbon 14 in the 
} 


iron at the cupola spout when the carbon in the ingoing charge 


is known. If the nature of the coke ts such that the percentage 
of carbon in the iron at the cupola spout is reasonably close 


yy our calculation we feel that the 


to the figure indicated 
quality of the coke is satistactory I believe that this tormula 
is a pretty good yardstick for evaluating the characteristics of 
the coke 

J. S. VANICK The point Mr. Levi brought up on control of 
carbon in the finished iron is probably the one that’ bothers 
foundrymen most this matter of coke quality was one of the 
uppermost topics in the minds of foundrymen Ihe problem 
of controlling coke quality is firmly bound to the problem of 
controlling the quality of the product that is coming out olf 
the cupola spout Foundrymen will go along and control very 
carefully the blast, the metal charge, and details such as coke 
size and then hold their breath and wait and see what comes 
out of the spout, depending entirely on this undefined variabl 
coke 

Mr. Lownie and his associates have done a remarkably help 
ful job in collecting the history of the art up to date and there 
is no doubt that a great deal more will have to be done. For 
example, if the chart showing the variation in volatile matter 


and in fixed carbon from the surface to the core of a coke oven 


block is to vary as much as they show, which was something 


of the order of 2 to 8 per cent for volatile matter and 84 to 
89 per cent fixed carbon, and if you cannot control that better 
in 16 in. of oven, then, perhaps you ought to cut the oven 
walls down to 6 in. apart and come somewhere between 87 and 
89 for the value of fixed carbon Alternately perhaps the 
coking time and the other factors in the operation of the ovens 
might be adjusted to get a higher order of untformity in the 
product 

here is some question in my mind as to the statistics which 
the authors have quoted This matter of 3 per cent of the 
coke output being foundry coke is true It amounts to perhaps 
214 million tons annually jut it is a premium product, it is 
a product that carries a higher price tag on it than any of the 
other cokes made And if that premium is to be earned there 
should be correspondingly close attention paid to the handling 
and processing of coke to make it useful for foundry operations 

On the matter of beehive products vs. by-products, if you 
study the statistics you find that beehive is dying off rapidly 
and perhaps as by-product coke supplies increase it will dis 
appear entirely 

The matter of uniformity in quality brings another case to 
mind. When a foundryman tries to make a closely controlled 
iron at the spout, he wants reproduceability Ihe matter of 
defining coke quality seems to be an obstacle in his path. If we 
do not have a better definition for coke at this time, we had 
better return to the 1916 A.S.T.M. coke specification and start 
from there to bring about some order in the coke industry 

In connection with the cupola tests on 12 different cokes 
I wonder whether the authors had any opportunity to check 
the four important variables mentioned as being dominant ones 
in coke control? That is uniformity of size, strength and hard 
ness, reactivity, and ash and sulphur content 

Mr. Lownie: The cokes that were tested in the plant survey 
of operations of twelve foundries associated with the Gray Iron 
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Research Institute were tested in our laboratories for proximate 
analysis (moisture, fixed carbon, volatile matter content, and 
ash); combustion characteristics as measured in a modification 
of the Boegehold Combustibility Test (ignition temperature, 
maximum temperature, temperature rise, and combustibility o1 
rate of burning); and for impact strength. We also had avail 
able on each lot of coke the supplier's proximate analysis, 
sulphur analysis, size classification, and shatter test results 
Because of the breakage in handling, however, the supplier's 
size classification often had to be modified. Unfortunately, these 
plant survey tests were run about five years ago when we were 
just getting started on the question of coke quality as a factor 
in cupola operation. After we have progressed a little further 
in our present more basic investigations, plant survey tests of 
this type will probably again be attempted and we hope that 
at that time we will have a better idea of what to look fo 
\s it is, we have a lot of information on coke tests in the small 
cupola and in actual plant operation, which we have not included 
in this paper because we regard many of the results and data 
as inconclusive. We certainly hope that at some later date we 
will be able to publish these results with an accurate inter- 
pretation of them. Thai is the goal at which we are now aiming. 

The Gray Iron Research Institute and Battelle Memorial 
Institute are eager to do everything possible to fill the voids 
in our knowledge of foundry coke. For that reason, they have 
agreed to make these data available to the Cupola Research 
Committee of the A.F.A., which is currently planning to under- 
take an investigation into this problem. 

S. Wetss’: This paper has been most interesting. This subject 
of foundry coke quality is of as vital interest to the foundry 
coke producer as it is to the foundryman. 

We organized last year a Coal and Coke Research Com- 
mittee. The statement that 3 per cent of the coke production 
being foundry coke is rather misleading. Of the 67 million 
tons of coke produced in 1944, you will find that roughly 47 or 
18 million tons of that was steel plant coke. In other words, 
it was coke produced by people who had never made foundry 
coke and have no interest in it. Some of the approximately 
20 million tons of other coke was produced by companies who 
make pig iron but who also produce foundry coke. So if you 
calculate 214 or 21% million tons of foundry coke out of 20 
million, you will find that the producers of foundry coke have 
a greater interest than the 3 per cent figure would indicate 
I give you these figures to show that foundry coke production 
is a much more important business to the merchant coke plant 
than Mr. Lownie’s tabulation would seem to indicate. Even 
that 10 per cent average figure is somewhat misleading, because 
there are among the merchant plants producing foundry coke 
some whose foundry coke production is even a greater percentage 
of their total production than 10 per cent. I dare say in some 
cases even 30 or 40 per cent of their entire production is 
foundry coke. So you can see they are vitally interested in this 





husiness 

What we used to specify as high grade, good coking coals 
25 years ago are fast disappearing. We have to work with dif 
ferent materials. This coking coal situation, due to the war, 
has become terribly distorted. The terrific demand for coal, the 
shortage of manpower, made necessary a substantial increase 
in the amount of mining machinery used. When you mine 
coal by machine instead of by hand, you just do not do the 
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selective mining that you can do by hand. Miners’ w 

gone up. The economics of the coal business does en 

use of machine-mined coal. And because of the war 
fact that the metal was needed for war purposes, the « ear 
ing plants which have to go along with machine m 
not yet built. We are going to get better coal but it 
to take a little time. These cleaning plants that ha 
built to prepare machine-mined coal are not in existen 
extent they will be. When they are built you will find t we 
will get better coal, which will be reflected in the resultan: co} 

Messrs. Krause and Lownie (authors’ closure): Th: 
wish to thank Messrs. Rudesill, Levi, Mulcahy, Creus« Ma 
Kenzie, Kawin, Vanick and Weiss for their thoughtful disc iiss; 
of this paper. The discussions certainly bear out the main , 
tention of the paper that there is considerable need at this tin, 
for organized thought and action on this problem of 
coke. The Cupola Research Committee of the A.F.A. has begy 
a survey on the problem of foundry coke since this pa was 
written and the test results obtained at Battelle and 
plants of the Gray Iron Research Institute, have been 
this Committee. 

rhe 10-inch cupola is regarded as a research tool which | 
capable of reproducing certain effects which are obtained 
larger commercial cupolas. This is not merely a statement oj 
what we hope to obtain from this cupola, but is based wpo 
results which have been obtained in it. However, as with mos 
research tools, there are certain features of the tool that do n 
coincide with commercial practice. In our case, the main limit 
tion is the size factor. This factor has to be accepted under ow 
circumstances in order to permit control of a number of oth 
variables, that are extremely difficult to control in larger units 
The 10-inch cupola is admitted to have certain limitations 
\ major part of the interpretation of data obtained with this 
cupola consists of recognition of these limitations. Similar limita 
tions are true of most tests made on the cast iron which is 
produced in any foundry. The tensile test, on separately cas 
bars, is recognized as a generally useful tool and is widely us 
in spite of the fact that it tells relatively little about th 
strength of castings poured from the same iron. The cooling 
rate limitations in this case are just as real as the size limitations 
with the small cupola, but recognition of the limitations permits 
the test to be used with some success. The shatter-test for cok 
chill test for cast iron, and weather predictions made fron 
meteorological data, all have their limitations, but they happe: 
to be the best tools that we have at the present time for e: 
specific purpose. The small cupola is regarded in the same lig! 
When a better tool for the purpose is suggested, and prov 
itself, no hesitancy will be found in adopting the new tool | 
preference to the small cupola. 

In conclusion, we would like to discourage the tendency 
group all cupolas under about 20-inch diameter, into a singk 
class of “baby” cupolas and to judge the operation of an) 
cupola in this class by the success or failure of any other specifi 


ct 


unit. Small cupolas are apparently more sensitive to operating 


variables than are larger units. On the other hand, these same 
variables are easier to control. Failure of one specific unit 
under one set of conditions, to produce the desired results shoul 


not be used to condemn the whole class. Likewise, the success 


of a specific unit should not be used to construe that any othe! 
unit of merely the same size will operate with the same success 
unless similar construction and rigid attention to details ar 
employed 














EFFECT OF ROOM TEMPERATURE INTERVALS 


BETWEEN QUENCHING AND AGING OF ALUMINUM 


SAND CASTING ALLOYS 


R. A. Quadt * 
Barber, N.J. 


ABSTRACT 
standard solution and precipitation heat treatment of 
1 alloy castings is generally done with soaking time, 
perature and quenching rate under close control. However, 
ie period between quenching and artificial aging may vary 
nsiderably, being determined by practical but nonmetallurgical 
nsiderations. For the aluminum sand casting alloys studied, it is 
hat, in general, alloys which depend for strength on the 
precipitation of CuAl, are unaffected under the conditions of the 
study. Casting alloys in which Mg,Si is the principal hardening 
ind, however, are markedly affected by room temperature 
For two alloys studied, the research described indicates 
longation is improved if castings are allowed to age one day 
m temperature before artificial aging. Immediate artificial 
f these alloys develops high strength and hardness at the 


»f elongation. 


IN COMMERCIAL ALUMINUM HEAT TREATING PRAC- 
ice to produce high strengths, castings are soaked at 
elevated temperatures (generally 940 F to 1000 F) for 
extended periods ranging from 4 to 20 hr depending 
ipon the alloy and the castings being treated. This 
treatment brings about the solution of certain metallic 
constituents through the mechanism of diffusion. The 
castings are then quenched, usually in hot water, to 
retain the solid solution produced. 

Since the dissolved material is much less soluble at 
room temperature than at elevated temperatures, an 
unstable condition results and most commercial alloys 
begin to “age.” This aging is probably a precipitation 
of fine, dispersed particles of intermetallic compounds 
which under certain conditions and for certain alloys 
can be resolved under the microscope at a very early 
stage.’* Continued precipitation affects many proper- 
ies of the alloy, hardness and strength generally being 
narkedly increased. 

for most commercial alloys the original solution 
treated properties are quite transitory and large 
changes are apparent after only a few weeks at room 
temperature. To speed up the precipitation or aging 
process after quenching, castings are commonly re- 
heated to temperatures of about 300 F for several hours. 


Chis “artificial aging” treatment produces in a short 
ume approximately the properties that would require 
several weeks’ aging at room temperature. Further, this 


1 Metallurgist, Research Laboratory, American Smelting 
ing Co., Barber, N.J. 


treatment produces stable mechanical properties and 
no further changes occur during subsequent room tem- 
perature aging periods. 

The data in Figs. 1 and 2 have been plotted on a 
semi-log scale to emphasize aging effects during the first 
few days after heat treatment. 

In a successful heat treating operation, the pertinent 
factors discussed above are kept under close control 
since the effects of soaking time, temperature, and 
quenching rate are well known. One variable seldom 
subject to scrutiny is the period between the quenching 
operation and the artificial aging treatment. It is usually 
not deemed critical, being determined by practical but 
nonmetallurgical considerations such as _ furnace 
availability or labor shift changes. 

Once a cycle has crystallized, production schedules 
usually require rigid adherence. In this author's experi- 
ence, intervals between quenching and artificial aging 
varying from zero to three days have been observed. In 
some installations quenched castings are immediately 
transferred to an aging furnace while in others they are 
held for the night shift. With the advent of a weekend, 
several days often elapse before the aging treatment can 
be fitted into the cycle. 

The effects of various room temperature intervals 
between quenching and artificial aging at 310 F on 
some mechanical properties of several commercial 
aluminum sand casting alloys have been determined, 
and it is the purpose of this paper to report the results. 
Wrought 4 per cent copper and duralumin type alloys 
have been investigated in this respect with marked 
effects reported.* More recently, specific interval recom- 
mendations were suggested for wrought 75S,* although 
it has been indicated that the effects are sufficiently 
minor in the light of commercial experience to warrant 
retraction of a rigid interval limitation.*® 


Experimental! Procedure 


Production of Tensile Specimens. The foundry prac- 
tice utilized in producing sand cast tensile specimens 
has been described.® Briefly, ingots of each alloy were 
melted in a No. 45 clay graphite crucible in a coke 
fired, forced draft furnace. The heats were removed 
from the furnace and permitted to cool quietly to the 
desired pouring temperature of 1225 F. No metal flux- 
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Fig. 1—Effect of room temperature aging of a heat 
treated aluminum alloy. Specimens treated at 310 F 
were first aged one day at room temperature. 


ing procedure was utilized and no stirring or other 
deleterious agitation permitted. The alloys were cast 
into sand molds producing standard half-inch diameter 
tensile bars. These were used in the as cast shape, no 
machining or finishing of any kind being accorded the 
reduced tensile section. 

Heat Treatment Procedures. Solution heat treat- 
ments were conducted in an air circulating electric fur- 
nace capable of being controlled to +3 F. The castings 
were soaked for 16 hr and quenched in water preheated 
to at least 185 F. The quenched bars were then cooled 
to room temperature in tap water to make them avail- 
able for immediate artificial aging where desired. 

Artificial aging at 310 F was accomplished in elec- 
trically heated molten salt baths set to +2 F. Generally 
at least two specimens were tested for each treatment. 

Effect of Room Temperature Aging Intervals on Al, 
7 Per Cent Si, 0.3 Per Cent Mg Alloy. Sand cast test bars 
were poured from each of tlzee different heats of 7 per 
cent silicon, 0.3 per cent magnesium alloy. Their analy- 
ses are given in Table I. 

The tensile bars were solution treated at 1000 F and 
quenched. Some were aged at 310 F immediately after 
being cooled to room temperature. In these instances, 
aging was initiated within 30 minutes of quenching. 
Another group of bars was similarly aged at 310 F 24 
hours later, and a third group was artificially aged one 
week later. The effects of these room temperature inter- 


vals on the properties of the alloys are shown in the 
plots of Fig. 3. 

Effect on Al, 1 Per Cent Cu, 5 Per Cent Si, 0.5 Per 
Cent Mg Alloy. Sand cast bars of the alloy described in 
Table II were solution treated at 980 F and quenched. 
They were aged at 310 F with various time intervals a! 


TABLE I. ANALYSES OF AL—7 PER CENT SI, 
0.3 Per Cent MG ALLoys 








Alloy A Alloy B Alloy C 

Element Per Cent Per Cent Per Cent 
Copper 0.15 0.02 0.09 
Silicon 6.87 6.04 6.88 
Magnesium 0.26 0.22 0.24 
Manganese 0.02 0.01 0.01 
Iron 0.29 0.13 0.24 
Nickel 0.00 0.00 0.00 
Zinc 0.03 0.01 0.02 
Chromium 0.04 0.00 0.00 
Titanium 0.11 0.11 0.03 
Aluminum Bal. Bal. Bal. 





TABLE II. ANALYsIS OF AL—] PER Cent Cu, 5 PER 


CeEnr, S1, 0.5 Per Cent Mc ALLoy 








Element Per Cent 
Copper 1.23 
Silicon 5.21 
Magnesium 0.46 
Manganese 0.43 
Iron 0.54 
Nickel 0.02 
Zinc 0.35 
Chromium 0.10 
Titanium 0.13 
Aluminum Bal. 
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room temperature being utilized as before. The effects 
of this interval may be noted from the plot in Fig. 4. 

Effect on Al, 4 Per Cent Cu, 1 Per Cent Si Alloy. Sand 
cast bars of two 4 per cent copper alloys were solution 
treated at 960 F and quenched. The complete analyses 
are given in Table III. These were accorded the same 
treatment as the alloy previously described and the 
effects of room temperature precipitation between 
quenching and artificial aging may be determined from 
Fig. 5. 

Discussion of Results 


It is apparent that the amount of aging permitted at 
room temperature between the quenching and artificial 
aging treatments is of some significance. All aluminum 
casting alloys are not seusitive to this aging interval, 
one exception noted being the 4 per cent copper, | per 
cent silicon alloy. It would seem that commercial alloys 
in which CuAl, is the only precipitating compound are 
unaffected throughout the interval range studied. 


ase III. ANALYSES OF AL—4 PER CENT Cu, 
] Per Cent S1 ALLoys 








Alloy A Alloy B 

Element Per Cent Per Cent 
Copper 4.34 4.10 
Silicon 1.27 1.10 
Magnesium 0.00 0.00 
Manganese 0.23 0.02 
Iron 0.51 0.45 
Nickel 0.00 0.01 
Zinc 0.08 0.09 
Titanium 0.04 0.06 
Aluminum Bal. Bal. 





Fig. 2—Effect of room temperature aging of a heat 
treated aluminum alloy. Specimens treated at 310 F 
were first aged one day at room temperature. 


Cast alloys utilizing Mg,Si as the principal hardening 
compound are markedly affected by a room tempera- 
ture aging interval. If they are artificially aged immedi- 
ately after quenching, high strengths and hardnesses 
result at the expense of ductility. It is difficult to exceed 
the commonly specified minimums for elongation 
under such conditions. If, however, castings are held 
about one day between quenching and aging a more 
desirable combination of properties is obtained. 

The mechanism of the observed phenomenon is not 
completely lucid although considerable conjecture with 
regard to wrought aluminum alloys has been offered. 
In 1929, Rosenhain’ suggested that hardening occur- 
ring at the lower temperature was partially nullified at 
the elevated temperature due to coalescence of the pre- 
viously precipitated particles. The increased hardening 
that did proceed at the elevated temperature could 
be ascribed to precipitation brought on by the higher 
temperature and the algebraic sum of these two reac- 
tions was positive but not maximum. 

In 1932, Merica® elaborated upon this explanation in 
accordance with his promulgated “knot” theory and 
suggested that the “knots” formed at room temperature 
were not favorably suited for further development at 
elevated temperatures and were consumed in the pro- 
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cess of the formation and growth of the nuclei particu- 
larly suited for development at elevated temperatures. 
He also visualized that the “knots” or peculiar segrega- 
tions produced at low temperature had an effect on the 
hardening potentialities of particles formed at higher 
temperatures, producing lower hardness results. 

In 1933, Masing® offered an explanation for the 
hardening anomalies in duralumin in which he resorted 
to the formation and re-solution of unstable nuclei as 
indicated by experiments in supercooled liquids. He 
suggested that the nuclei formed at room temperature 
(similar to Merica’s “knots”) were of nearly critical size 
and did not readily develop as a result of the reduced 
thermal energy available to the remaining copper 
atoms. 

The unstable nuclei would be redissolved at elevated 
temperatures and a second type of stable nuclei was 
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Figs. 3 (left), 4 (above) and 5 (adjoining page }—Effect o} 
room temperature interval between quenching and 
artificial aging of aluminum sand cast alloys. 


formed and developed in the conventional pattern. Pre 
sumably, again, the algebraic hardening effect of these 
concurrent dynamic processes is not a maximum. 

These investigators all agree that the type of pre 
cipitation occurring at room temperature is different 
from that produced at elevated temperatures and more 
recent studies have concurred.? Internal strains devel 
oped during the quenching operation undoubtedly are 
contributing factors in the observed phenomena, but 
they have not been completely evaluated. The postula 
tion of a working hypothesis presents intriguing poss 
bilities but there is a compelling need for further inves 
tigation with regard to aluminum casting alloys in par 
ticular before a sufficiently complete understanding 0 
the mechanism is realized. 

In the present investigation only those alloys rapidl 
aging at room temperature are sensitive to a low (ei 
perature interval between quenching and subsequent 
aging at a higher temperature. The 4 per cent coppe 
alloys investigated here aged relatively little over the 
observed 7-day period while the Mg.Si alloys have larg 
aging increments the first day (Figs. 1, 3, 4) after 
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quenching. It is well known??? that relatively small 
amounts of iron inhibit room temperature hardening 
of wrought 4 per cent copper alloys, and commercial 
casting alloys of this type are similarly affected. A com- 
paratively pure (0.19 per cent iron) 4 per cent coppe: 
casting alloy ages rapidly at room temperature!” and on 
such an alloy different results would probably be 
obtained. 
Summary of Results 


The effects of various room temperature aging inter- 
vals between quenching and aging at elevated tempera- 
tures on some mechanical properties of several com- 
mercial aluminum sand casting alloys have been deter- 
mined. The intervals studied have no effect upon the 
aging characteristics of commercial 4 per cent copper 
alloys. Alloys utilizing Mg,Si (Al, 7 per cent, 0.3 per 
cent Mg and Al, I per cent Cu, 5 per cent Si, 0.5 per cent 
Mg) as a hardening compound have a pronounced 
reaction. 

Heat treaters experiencing difficulty in surpassing 
elongation requirements on these alloys may improve 
this property by aging castings one day at room tem- 
perature after quenching before artificially aging them 
at 310 F. If aging at elevated temperatures is conducted 
immediately after quenching, high strengths and hard- 
ness are obtained at the expense of elongation. 
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DISCUSSION 


Chairman: RK. E. Warp, Eclipse-Pioneer Diy., Bendix Aviation 
Corp., Teterboro, N. J. 

Co-Chairman: W. Maper, Oberdorfer Foundries, Syracuse, 
6. ¥. 

CHAIRMAN Warp: Early in the war, we supplied aluminum 
magnesium-silicate alloys. I would like to substantiate your 
findings. Although we did not investigate it deeply enough 
to find an increase in the tensile properties, we did specify that 
the artificial aging be held for 24 hr. in order to allow us to 
meet the minimum elongation figures in some cases. 

W. Ruptn': Using the 355 type aluminum alloy as an exam 
ple, did you soak at 980° F. followed by a hot water quench? 

Mr. Quapr: There are three Jifferent solution treatments. 
The 356 type was treated at 1000° F. for 16 hr. and quenched 
in water over 180° F. The 355 was solution treated at 980° F. 
and the 195 type was solution treated at 960° F. All were 
quenched in hot water 

Mr. Rupin: What would happen if you quenched in cold 
water? The theoretical conclusion would be for more compound 
to be retained in solid solution, thereby maintaining a higher 
solution potential when precipitation begins 

Mr. Quant: If you quench in cold water, | think there is 
no doubt you will retain more of the precipitating compound 
in solid solution. But it would seem to me that ought only to 
accentuate the situation because then you will have a higher 
solution potential when your precipitation starts. In other 
words, if some of it has come out of solid solution due to the 
hot water quench and you still get this reaction, then you know 
that the solution potential is less due to the fact you have 
already precipitated some compound. The effect under dis- 
cussion, I would think, would be more pronounced. However, 
i have not investigated it and I am only theorizing. We did 
not go that far because we attempted to simulate commercial 
practice which requires hot water in order to minimize warp 
ing of the castings and we had to make this applicable to com 
mercial practice. 

Mr. Rubin: I ran a series of tests utilizing both cold and hot 
water quenching. Six bars were quenched in cold water and 
their mates were quenched in hot water over 180° F. The 
results showed about a 15 per cent difference in tensile strength; 
the bars quenched in cold water had higher tensiles and hard 
ness, but lower elongations than their mates which were 
quenched in hot water. 

Mr. Quant: We attempted to evaluate the effect of the room 
temperature interval. As far as the actual mechanical properties 
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are concerned, there is no question but what you will get better 
properties by quenching in cold water for the reasons you 
stated. But I do not think it would make any difference on the 
effect of the room temperature interval. In other words, if you 
quench in cold water and run through the same procedure, 
all the properties would be higher but the effects of the room 
temperature interval | would expect to be the same or even 
more pronounced 

H. Brown*: In searching for the answer to this problem, 
I might tell you about something | ran into, You showed two 
types, one apparently neutral and one which shows dropping 
with prolonged room temperature aging. If aluminum-zinc- 
magnesium alloys that are air aged are allowed to stand for 
18 to 72 hr. after they are poured betore you artificially age 
them you get a marked increase in both elongation and tensile. 

CHAIRMAN Warp: In the 4 per cent copper, | per cent sili- 
con, 195 type alloy, did you study the effect of the magnesium 
content within the impurity limits with regard to the age 
hardening? 

Mr. Quapr: Yes, but not on a complete investigation of this 
type. Whenever the magnesium was over, let us say 0.05 or 
certainly over 0.07 per cent, it acted more nearly like the 
magnesium-silicide hardening alloys than the copper hardening 
type and we found the effect of magnesium to be quite pro- 
nounced in that regard, particularly on the room temperature 
aging. It would speed up the rate at which it aged markedly. 

CHAIRMAN Warp: We found a similar condition. 

Member: Approximately what is the room temperature at 
which these were aged? That is, conceivably there might be 
some difference between summer and winter performance. 

Mr. Quapr: The room temperature in this case was the tem- 
perature of the laboratory and that would range anywhere 
from 72° to 85° F. We wanted to carry it a little further and 
see what would happen, of course, if we kept these things cold, 
as might be the case under a certain kind of foundry conditions 
but we never did do it. But in that range, let us say, 75° F., 
this reaction seems to occur. 

CHAIRMAN Warp: Why did you choose the salt bath method 
for artificial aging? Was there any particular reason? 

Mr. Quant: Yes. Our reason for utilizing the salt bath is 
simply that we have laboratory facilities. We are not a com- 
mercial shop, and in a research laboratory we try to set up 
apparatus in which we can be reasonably sure of our tempera- 
tures and in a salt bath we can control with electric heating to 
close tolerances. It is a better method of control. Besides, it is 
a cheap method, we can use a number of small furnaces operat- 
ing at various temperatures simultaneously in the laboratory. 

Member: We used a gas-fired muffle type furnace where we 
so-called age hardened this aluminum alloy. We worked on the 
17S and the 52S. I believe we used a temperature of 550° F. 
and it was kept there for about 1 hr. or 114 hr. and brought 
them out, ‘Then we pulled test bars, of course, which were 
stripped and found we increased the tensile strength consider- 
ably and that the yield point invariably increased also to within 
about 5,000 psi. of the tensile strength. That was very con- 
sistent. The elongation also held very constant. We did not 
get a drop. It was about 6 per cent on these particular alloys, 
with an increase in tensile strength and yield strength up to 
about 5,000 psi. of the tensile strength. 

Mr. Quavr: The alloys you mentioned are wrought alloys, 
they are not cast alloys, and you can do much with wrought 
alloys that you cannot do with cast alloys with regard to the 
effect of the rolling conditions themselves. The grain size, the 
fiber conditions, recrystallization, time and temperature of solu- 
tion treatment, all have an effect on heat treatment. In the 
case of cast alloys we are relatively limited in these respects. 
Also, the 175 alloy contains both high copper and high mag- 
nesium so that the two situations are not very comparable. 

Memper: Would you discuss sensitivity of these alloys with 
different magnesium content with regard to their age harden- 
ability within the specifications? 

Mr. Quapr: That has been a point of some importance. 
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Many of you are familiar with the specifications of the allows 


and there is a difference of 0.2 per cent in the magnesium spe 
fication. In other words, Aicoa 356 permits a range 9 
0.4 per cent magnesium, while Alcoa 355 specifies fro: { 
0.6 per cent magnesium. There is not a very wide rang 
you can see but there is a rather marked difference we 
the two ends of that specification with regard to duct i 
tensile strength. Some of you who are familiar wi hes. 


alloys may have noticed that in the 356 alloys that I u 
magnesium was on the low side and we got very high 
and upon aging we nicely got over the minimum tensil< 
of 30,000 psi. That should be kept in mind, too. A heat treay 
who wants to keep out of trouble certainly ought to w | 
magnesium content. If the magnesium is on the high sic 
you are going to get still higher strengths with still low 
elongations for the same procedure. The same thing is try 
whether you are considering 355 or 356. I know of instance 
with certain large consumers where they specify magnesium 
much closer than the current specifications for that reason. | 
other words, these alloys are sensitive to the magnesium 
that range. If you have low magnesium, you have to age longe: 
in order to get the strength up and if you have high magnesiu: 
you have to cut your aging time in order to retain enoug! 
ductility. 

Member: What is the effect of copper? 

Mr. Quapt: Copper in those two alloys is not particular\ 
important. First of all, the Alcoa 356 type has in some cases 
as low as 0.2 per cent or lower. In the range of 0.3 per cer 
I have not found any effect. In the 355 I have likewise ney 
found any effect. 

CHAIRMAN Warp: Not only must the heat treater, but 
foundryman must watch the magnesium content since it wi 
vary with continual remelting of the metal. There will lx 
magnesium loss if it is held at elevated temperature for to 
long a period of time. Sometimes it is necessary to make mag 
nesium adjustments in 355 and 356 to maintain the prope 
cohesion in properties. 

Co-CHAIRMAN Maper: We should straighten out the customers 
on some of these problems. They will specify 35614. The mat 
rial will age harden afterwards. For instance, take the Nay 
specification where they require 4 per cent elongation. Cer 
tainly the test bars that you send to the customer will not mee! 
the 4 per cent elongation requirement unless he pulls them 
in a very short interval after you have heat treated them. Th 
Navy even allows the inspectors to come to your plant an 
pull them immediately after you have heat treated them 

CHAIRMAN Warp: Is there no time interval specified? 

Co-CHAIRMAN Maper: I think there is a time interval but i! 
does not seem to mean much. The same way, too, on aged 
alloys on the T6 treatment. Those alloys continue to age and 
it would seem to me to be more logical to specify an over-ag 
treatment in the beginning and to hold stable properties. Now 
we will send them a casting supposedly heat treated to the Tb 
specification and then the customer tries to straighten that cast 
ing after it is aged further and he runs into trouble. | think 
it would be better to tell them in the beginning to use an over 
aged treatment and to get a stable casting or the specifications 
should be revised. 

CHAIRMAN Warp: Some of the committees of the Aluminum 
and Magnesium Division of A.F.A. are attempting to cover those 
subjects. 

Co-CHAIRMAN Maper: When we use this method of 
treatment I think we really waste time. We are trying to mee! 
the specification by devious variations of the heat treatment 
factor. It should be thoroughly understood by both parties 
It is the responsibility of the knowing party to give (hat in 
formation and to clarify it. I think the trend should be to (x 
over-aged treatment and more stable properties because ® 
long as we use these type of alloys, we have to consider the 
aging phenomena and certainly they will continue to ag: T 
some extent it would not matter, in other cases it may certain’ 
have a serious effect on the final strength that you are gomg 
to have in the casting and effect its use in service. 
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ARC WELDING OF CAST IRON 
WITH NICKEL ELECTRODES 


T. E. Kihlgren * 


iBSTRACT 


! considerations involved in the arc welding of cast iron 
el electrodes are discussed. The effect of such welding 
sas preheat, superimposition of beads in multipass welds, 
uence, etc., on structural characteristics, machinability 
sile properties of welded cast iron is presented. A pre 
procedure is described for improving 
ding response of castings containing dissolved gas. Sev 
imples of field applications of arc welding of cast iron 
, 


salvage of defective castings, repair welding, and fabri 


ling are illustrated. 
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FUSION WELDING as a means of salvaging defec 
tive castings in the gray iron production foundry is 
gaining increasingly wider acceptance. For a number 
ct of years, little publicity was given by the foundry in- 
dustry at large to this useful and important production 
aid, despite its growing importance. A valuable serv- 
ice was performed by the A.F.A. in holding a sympo- 
sium on the subject of welding cast iron at the annual 
meeting in 1946, and the several papers? ** * pre- 
sented at the session gave a good perspective of the gen- 
eral status of welding in the cast iron production found- 
ry, as well as a helpful discussion of welding techniques 
ind methods. Only by interchange of information can 
| the advantages and limitations of the welding process 

is applied to cast iron be properly evaluated and the 
question of when to salvage and when to scrap a cast- 
ing be answered. 
Various mechanical methods and fusion welding and 
brazing processes are in use for the salvaging of cast- 
ings, and for repairing of cast iron parts which have 
failed in service. It is not the purpose of this paper to 
leal with the problem of the choice of method of 
salvage or reclamation but rather to confine the dis- 
cussion to the are welding of cast iron, and more spe- 
ciically to are welding using nickel electrodes. 


Three-fold Purpose of Arc Welding 


[he are welding process may be used on cast iron for 


iny one of three main purposes: 
tor the salvaging of defective castings in the pro- 
n foundry, 
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2. For the repairing and reclamation of parts which 
have failed in service, and 
3. As a means of fabrication, the component parts 
of the weldment consisting of gray iron castings only, 
or including castings, forgings or wrought parts of other 
compatible metals such as, for example, mild steel 

The first type of application is no doubt the one of 
major interest to the foundry industry since it provides 
a means of increasing the yield of acceptable castings. 
The second however is by no means unimportant to 
the production foundry since repair of equipment by 
arc welding provides important economies of time 
and labor. 

Advances in welding electrode development in re- 
cent years now permit limited consideration of the 
third field of application. In some instances casting 
difficulties inherent in the design of a specific casting 
may be overcome by using a weldment of two or more 
castings. Welding may also be used to join cast iron to 
other metals, involving such operations as the attach- 
ing of steel brackets or fittings to gray iron castings, 
eliminating the need for drilling and tapping. It is 
apparent that the inherent characteristics of cast iron 
are such that good judgment should be exercised in 
applying welding as a means of fabrication. 


Welding with Non-Ferrous Electrodes 


Although arc welding of cast iron is done with both 
ferrous and non-ferrous electrodes, the latter possess 
the advantage of producing machinable welds, without 
the necessity of preheat. While the majority of are 
welding with non-ferrous electrodes, possibly as much 
as 90 per cent, is thus done without preheat, there are 
circumstances in which preheating is helpful, or even 
necessary. When preheating is «mployed with the 
latter type of clectrode, the preheat temperature is 
much lower than with ferrous electrodes and is usually 
for the following purposes: 

1. To decrease the cooling rate of the cast iron ad 
jacent to the weld and thereby prevent or minimize 
the formation of a hard zone in the heat affected area 
of the cast iron, with an accompanying reduction in 
machinability and 
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Fig. 1—Microstructure of nickel welds on cast tron. 
4, left, at a magnification of 250X and B, right, at a 
magnification of 750X. 


To reduce the temperature gradient and the con- 
sequent stress concentration, thus diminishing weld 
ind fusion zone cracking tendencies. 

Observations, made over a number of years, had in- 
dicated commercially available nickel electrodes to 
have technical advantages over nickel-copper elec- 
trodes, when applied to welding of cast iron. However 
the nickel clectrodes had been designed primarily for 
the welding of wrought nickel, and the slag character- 
istics were not entirely satisfactory when the electrodes 
were used on cast iron. Attention was therefore di- 
rected to the development of a nickel electrode spe- 
cifically designed for the welding of cast iron on either 
DC or AC equipment. 

A nickel electrode meeting the requirements was 
developed as a result of laboratory studies and ulti- 
mately put into commercial production. It has since 
been used considerable quantities for salvage of 
defective castings and for repair welding. The elec- 
trode consists of a nickel core wire coated with a car- 
boniferous lime-type of flux, containing a moderate 
amount of reducing agents. The electrode operates at 
considerably lower amperages than the itickel elec- 
trode customarily used for welding wrought nickel, an 
advantage in welding cast iron. Sufficient carbon is 
introduced through the flux coating to obtain graphitic 
carbon in considerable amounts in the fusion, regult- 
ing in improved shrinkage solidification characteristics, 
as well as a structure imparting a degree of machin- 
ability similar to that of the cast iron. The electrode 
is generally used without preheat of the casting, al- 
though special circumstances may make a moderate 
preheat desirable. 


Several Nickel Electrodes Available 
The experiences and welding techniques discussed 
in the balance of the paper are largely concerned with 
this electrode, and are based partly on laboratory 
studies and partly on observations made in the field. It 
is recognized that several other nickel electrodes de- 
signed for the welding of cast iron are now commer- 
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cially available. It will be apparent that many of the 
observations, particularly those dealing with the effec: 
of welding operations on the base metal are also ap 
plicable to those electrodes, as well as the various 
nickel-copper electrodes. However, inasmuch as ele 
trode characteristics and optimum welding technique 
vary from one electrode to another, the manufacturer's 
instructions as to correct welding procedure should be 
consulted for the specific electrode to be employed. 

It is proposed to discuss a few general considerations 
to be observed in arc welding of cast iron using nickel 
electrodes, prior to giving illustrations of applications 
of the electrode to the three phases of cast iron welding 
previously outlined. 


Structural Characteristics of Welded Joints 


As far as the weld metal itself is concerned the struc 
ture is independent of welding conditions, since no 
phase transformations are involved. The structur 
consists simply of graphitic carbon dispersed in the 
alpha nickel matrix. Figure la shows the structure o! 
weld metal deposited by the nickel electrode, in a 60 
included angle X joint on 1 in. thick cast iron plate 
Figure 1b shows the weld metal at higher magnific 
tion. While different conditions of welding, and varia 
tions in cooling rate may alter somewhat the dendritic 
pattern, the structure of the deposited metal will re 
main essentially unchanged. 

However, the structure of the cast iron at the line ol 
fusion, and in the heat affected zone immediately a¢- 
jacent to it is determined by the composition of the 
cast iron, and the cooling rate following welding. The 
latter, in turn, is governed by such factors as section 
size, welding current, speed of welding, and preheal 
and interpass temperatures. Mention should be mace 
of the tempering effect of subsequent passes on the cas 
iron adjacent to previous beads, in multi-pass welding 
Further reference will be made to this important effect 

The effect of preheat, and multi-pass tempering 
effects may be observed by a comparison of two welded 
joints, No. 1586 and No. 1594, made under the same 
conditions, except for the use of a 600 F preheat in the 
latter. Both welds were made on 4 x 5 x 1 in. thid 
plates, using X weld butt joints with a 60° included 
angle and a 33; in. root gap. The welds were mace with 
#5 in. electrode at about 120-130 amperes, welding ©* 
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Fig. 2—Structural characteristics of cast iron adjacent 
to nickel weld. Left. no preheat; right, 600° F 
preheat. 











Fig. 3—Machined surfaces of l-in. thick cast iron 
plates, welded without preheat. Left, =;-in., (center) 
5-in., and (right) \4-in. diameter electrode used. 
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tinuously, pausing briefly to remove slag, and examine 
for possible defects. The cast iron plate contained 
about 3.25 per cent total carbon and 2.25 per cent sili- 
con along with about 0.16 per cent phosphorus and 
0.12 per cent sulfur. 

Figures 2a to c show the structure of the joint made 
without preheat, the successive figures referring to 
areas close to the surface of the plate, about 14 in. be- 
low the surface, and about the center of the welded 
joint respectively. Figures 2d to f show corresponding 
sections for the preheated weld. The figures show both 
the effect of preheat on the structure of the fusion and 
heat affected zones, and the annealing effect of super- 
imposed passes. 

A comparison of Figs. 2a and 2d shows that although 
the preheat has had little effect on the amount of car- 
bide flash in the fusion zone near the surface of the 
joint, the heat aflected zone of the preheated weld 
shows less acicular (martensitic) structure in this area. 
Below the surface of the plate, the preheated weld 
shows less of a carbidic area at the fusion line, the car- 
bide having decomposed to give graphite. The tem- 
pering effect of subsequent passes on the structure of 
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Fig. 4—Machined cross sections of welds on I-in. plate 
made without preheat. Left ;3;-in., (center) #5-in., and 


(right) \4-in. diameter electrode used. 


the heat affected zone is quite well shown, especially 
in weld No. 1586. Compare 2a and 2c. 

Inasmuch as both welds were made by continuous 
welding, the test plates had sufficiently slow cooling 
rates so that no zones of excessively high hardness were 
encountered even near the top passes. Little diffi ult 
would be expected in machining either of the we Ids. 

There are many more factors that merit attention 
in a study of microstructural characteristics of welded 
cast iron. The foregoing illustrations demonstrate the 
effect of preheat and multipass welding. Othe: weld- 
ing variables which affect the rate of cooling, and ex: 
tent of plate dilution will also affect the structure ol 
the cast iron in critical areas and their effects should 
therefore be considered in selecting techniques 


Machinability of Nickel Welds on Cast Iron 


~The term “machinable welds on cast iron” 1s [' 
quently rather loosely applied. Actually any weld 
made on cast iron with the various non-ferrous ele 
trodes is machinable as far as the weld depos itselt 
is concerned, although the degree of machinability will 


vary somewhat with the hardness and structure of the 
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lhe machinability of the welded joint is there- 
irilv determined by the condition of the cast 
he fusion line, and in the heat affected zone. 
icture of the cast iron in these areas as already 
d is prima ily determined by the composition 
st iron and the cooling rate. 
ost purposes, welded joints made on cast iron 
ckel electrodes, without the use of a preheat, 
idequate machinability. Figures 3 and 4 show 
d areas of welded joints in a cast iron of 30,000- 
si tensile strength. The joints were made with 
ind 1% in. electrodes respectively, without use 
eat. Figure 3 shows the result of shaper cuts 
the surface of the welds, the cut being just suf- 
deep to remove the surface skin. Figure 4 
shaper cuts across the section. The cuts were 
ide at 33 strokes per min, and 0.020 in. feed, and 
» in. depth of cut. 


io] 


zones adjacent to the weld, at surtace of the casting 
his is done simply by completing the joint flush to 
the surface, cooling to about 70-200 F and then using 
cover passes, confined entirely to the weld, to reheat 
the surface of the plate. Figure 5 shows the effect of 
such a procedure. The top plate has not been sub 
jected to the “cover pass” tempering bead technique, 
while the two below were so treats d, the second with a 
single and the third with a double cover bead. The 
effect of the treatment is apparent from the photo 
graph. This technique is recommended by several 
manufacturers of non-ferrous welding electrodes 


Preheat Sometimes Required 


In some instances, where machining requirements 
are especially severe, the use of a preheat may occa- 
sionally be indicated, a preheat of as much as 450-600 F 
sometimes being employed. The effect of preheat on 


ire 3 shows a narrow zone of increased hardness 

at the surface of the plate, which zone however did not 
noticeably with machining. Figure 4, illus- 
the machined cross section, depicts clearly the 


the structure in the heat affected zone was shown in 
Figs. 2d to f inc. A preheat may be particularly usé 


interters ful on a light section not lending itself well to the 
trating 


' “cover” or annealing pass technique. 
ct of superimposed passes in tempering the heat af- 


It should not be overlooked that post annealing may 


ected 2 » adiace o previous beads, > center of ; : 
fected zone adjacent to previous beads, the cen occasionally be usefully applied. A post heat sufficient 


the joint showing virtually complete absence of a 


; to temper martensite may be helpful in reducing the 
rhe annealing effect of superimposed 


} | ° ° 
nara 20ne. hardness of the heat affected zone, thus increasing the 


passes can be employed to reduce or eliminate hard 


ability to resist service stresses. This is not common 


5—Machined cross sections of welds on 14-in. cast Fig. 6—Tensile specimens grooved to increase unit 


or plate showing annealing effect of cover passes. stress in weld cross section at breaking load. 


Reduction None 

of Weld 

Cross Section 

by Grooving 

Calculated Stresses, at Failure 
in Weld $0,200 
in Plate $0,200 


68 000 psi 


25, 500 psi 
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Degassing of Castings 






Occasionally, castings are encountered whic! 
dissolved gas. While such castings may be ; 
satisfactory from a service viewpoint, attempt 







pair casting defects by welding lead to weld | 
due to release of the gas. This difficulty can 






come by prior subjection of the casting to a sir 





gassing treatment. The treatment consists 






heating the immediate area against which met 






be deposited to a dull red, holding briefly and a 





to cool. 





Figure 7 demonstrates the efficacy of the d Nn 





As Cast Devgassed 





treatment. Both butt joints were made on t! 





Fig. 7—Effect of torch degassing treatment applied to iron (in this instance a “bath tub” iron of the analy 
sis 5.40 TC, 2.40 Si, 0.65 Mn, 0.75 P, 0.12 S). The join: 


on the left was made without prior treatment of th 
iron, and that on the right after degassing. 
practice, but probably merits consideration where con- Where casting dimensions permit, degasification of 
ditions warrant. Post heating may be accomplished the entire casting can be accomplished by furn 





high gas content cast iron, prior to welding. 

















with a torch if necessary. nealing at 1000-1050 F for 15 to 30 min., the ti 
Cooling following the completion of welding ot pending upon the section size and the condition of th 
post heating operations can be further retarded by casting. ‘Temperatures in excess of 1050 F ar 
covering the casting with insulating material, such as sirable because of the detrimental effect on the stru 
rock wool or asbestos or, when size permits, by bury ture and properties of the cast iron. Localized 
ing in diatomaceous earth. “degassing” treatments, confined to the imn 
; ; area against which weld metal is to be deposit ul 
Strength Properties of Welded Joints less critical in this respect, since the area affeci 
Using a 60° included angle ;3; in. root gap X weld relatively small, and for the most part, is reh¢ 
butt joint, several 4 x 5x 1 in. thick plates were welded the subsequent welding operation to above th 
along a 5 in. edge. The plate materials were of the formation temperature. Generally, it is probat 






following composition: preferable, for this reason, to use the torch treatn 









Melt—T16862 3.25 C, 2.75 Si, 0.6 Mn, 0.07 P, 0.16 S instead of furnace degassing. 
Melt—T16863 3.00 C, 1.85 Si, 0.6 Mn, 0.07 P, 0 16S In cases where no pre-treatment of the iron is pos 
All welds were unpeened and were made with 35 In. sible. where suitable facilities are not availab! 
diameter electrodes a 120-130 pres aaclet without ~~ where the requirements are not strict, the first passes 
heat and with 300 F and 600 F preheats. Standard can be used to drive off the gas in the vicinity of 1 






0.505-in. tensile specimens were machined transverse 

to the weld, with the weld located in the center of the 

reduced section. The test results are tabulated below: Fig. 8—Gear teeth partially restored, with and 
prior degreasing and degassing. 















Plate Preheat, ° F Breaking Strength,* psi 
116862 none 32,350 

300 30,000 

600 $2,500 








T16863 none $2,100 
300 34,250 
600 39,000 















* All fractures occurred in the cast iron 





Since all of the fractures occurred in the cast iron, 
the data primarily demonstrate the weld tensile 
strength to be in excess of that of the parent metal. 

An attempt was made to force the fracture in the 
weld metal by reducing the weld cross section of the 
0.505 in. diameter specimen. The specimens were ma- 
chined from plates welded without preheat using plate 
material from heat T16862 (above). With the weld 
area sufficiently reduced, fracture was forced to take 
place in the weld at a calculated stress of 68,000 psi, 
without allowance for notch effects. Figure 6 shows 
the regular tensile specimen, and specimens with weld 
cross sections variously reduced, after fracture. 
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Defective casting reclaimed by welding 15 


velded 


bead chipped and welding continued. This 
satistactor\ procedure than torch degassing 
umstances may make it acceptable 
ould of course be recognized that degassing 
nts are not needed in a majority of salvage and 
velding applications. However, the above pro 
should be found effective in overcoming such 


s whe mn cncount red 


Oil Impregnated Castings 


ngs which have tailed in service. in some cases 
ive been used under conditions causing them to 
saturated with oil and grease, which must be re 
| before any satisfactory welding can be accom 
hed. The use of a suitable solvent such as carbon 
chloride, sometimes in conjunction with cleaning 
im, may often be sufficient where the penetration 
perficial 
some instances, paruicularly where the cast iron 
rathe. open structure, the casting may be so 
oil impregnated that it is necessary to heat it 
temperature sufficiently high to char the oil and 
ff volatile matter. .\ temperature of about 750 | 
wccomplish this, the time required depending on 
condition and size of the casting. 
en a torch is used to decompose the oil and yrease 
lrive off volatile matter, the casting, or at least the 
nin the general vicinity of the weld, should be 
it about 750 F and held until visible evolution 
s has ceased. At this stage it is often useful to 
the above described degassing treatment to the 
zainst which metal is to be deposited. It may not 
be necessary, as far as “de-greasing” is con 
|, but it takes little longer to do so, and saves re 
z if degassing should ultimately be found de- 
Figure 8 shows a gear, one tooth of which was 
ily restored without preliminary treatment. The 
partially rebuilt tooth was welded after driving 
trom the casting and degassing. 


ro 





Fig, 10—De fective casting salvaged vy welding ajte 


machina gand hand filing fo original 


Cast Iron Arc Welding Applications 


Phe illustrations which follow briefly cover salvage 
welding, maintenance and repair and fabrication weld 
ing, and are intended primarily to indicate the scope 
of application of are welding of cast iron with nickel 
lectrodes. As mentioned before, by far the larger 
yortion of the cast iron welding with such electrodes 
is accomplished without preheat. The examples cited 
show castings welded both with and without preheat 

\ certain percentage of defective castings are in 
vitable in the production foundry. In many cases, a 
reasonable proportion can be salvaged by arc welding 


thus reducing the percentage of rejects. Such defects as 


lig. ll 300 Ul pipe guide barrel with fow projec 


fions barilt up by welding to correct pattern erro? 











Fig. 12—Large air compressor showing repair of por- 


tion of 42-n. long crack. 


misruns, sand wash, cold shuts, external shrinks, etc., 
often can be corrected satisfactorily. Such factors as 
size, shape, initial cost of the castings, the magnitude, 
nature and location of the defect, etc., must be weighed 
in deciding, first, upon the feasibility of welding sal 
vage and secondly whether or not the reclamation is 
economically justified. 

Figure 9 shows a small casting which had a small 
defect in the form of a cavity on the top surface. The 
defective area was chipped out to clean metal, and then 
welded continuously, without preheat, using a 35 in. 
diameter electrode at 130 amperes. After completion 
of welding, the excess weld metal was removed by 
turning in a lathe, followed by hand filing to restore 
the original contour (Fig. 10). Frequently the re-finish 
ing in such an application will be accomplished en- 
tirely by grinding. 

Figure Il shows a pipe guide barrel after salvaging 
by welding, in the areas indicated by the arrows. After 
the casting had been made, it was found that the pat- 
tern had been made 14 in. too short on the four projec- 
tions. Using .°; in. diameter electrodes at 130 amperes, 
d.c., reversed polarity, without preheat, the projections 
were overlaid with sufficient metal to permit machining 
to the correct over-all dimensions. Seven passes were 
used to build up three layers on each projection. 

Ihe first of these two exampies consumed only one 
electrode, while the other required a consumption of 
about nine pounds. Generally, the more common de- 
fects can be repaired without preheat, using moderate 
quantities of electrode. 

Maintenance and repair welding of gray iron cast- 


Fig. 14—Repair weld on tensile machine cross head 
frame. 





ARC WELDING oF Cast IRON witH NICKEL. Fy 





Fig. 13—Large air compressor showing repai 


long crack. 


ings constitutes an important use of nickel ele 
Often the service failure may put equipment « 
commission upon whose continued operation p 
tion is dependent. Speed of repair is therefor 
of paramount importance and the use of arc w 
becomes imperative. Frequently such repairs 1 
followed by re-finishing operations, necessitatii 
use of non-ferrous electrodes. However, even 
machining is not contemplated, such electrod 
often preferred, deposits made with them being r 
ground or even hand filed to restore original conto 
Figures 12 and 13 show a welding repair in a larg 
air compressor which had been in service about 
vears. Two cracks appeared in the base, in a secti 
that served as an oil crank case, one crack being al 
14 in. long and the other about 42 in. long. Th: 
ing was about 34 in. thick, and was oil saturated. Ai 
estimate was made of a week to dismantle and a w 
to rebuild, plus several days to repair by convent 
methods. 
The repair was made with nickel electrodes 
out dismantling. The cracks were chipped out to forn 
a vee, degreased with carbon tetrachloride and steen 
and skip welded. The initial passes were mad 
14 in. and the balance with 33; in. diameter electrodes 
The welding time consumed about two days, the cas ; 
ing never being allowed to become too hot to touc! 
\fter six months in service, an inspection reveal 
signs of failure. ‘The repair was made about two ' 
ago and the compressor is still giving satisfactory s 


s 


er 
ice. Figure 12 shows a portion of the 42 in. joint a! 
Fig. 13 depicts the repair of the 14 in. crack. 

Figure 14 shows a repair on the cross-head fra: 
a 20,000 Ib. tensile testing machine, fracture having 0 
curred through a bolt hole section. The sections 
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Manifold before attaching secondary port 


seen in foreground. 


re ground to form a single vee joint with a 
ided angle. A short trial bead indicated the 
» contain dissolved gas. The surfaces of the 
therefore torch degassed as described in a 
portion of this paper. The area in the vi 
f the joint was then preheated to 600 F and the 
ide by continuous welding with a 2; in. elec- 
frame being rigidly restrained during weld 
eserve alignment. 
heat was used since it was felt that the loca 
the fracture, and the service conditions indi 
desirability of diminishing the plate hard 
the heat affected zone. After welding, the bolt 
is reamed out and the portion of the weld over 
the cross head guide surface was removed in a 
nutes by hand filing, eliminating the need for 
ing to restore the original contour 


Welding a Means of Fabrication 


judgment should be exercised in this phase of 
ition of welding. Under conditions involving 


rate sections, and joints which are not subjected 


ssive restraint, welding fabrications involving 


gs only, or cast and wrought parts, can be satis- 


rily accomplished. 


re 15 shows a cast iron automotive manifold, as 
ised from a foundry. The company concerned 


d to cut a hole in the manifold and attach a sec 


port to it. ‘Ihe separate casting used for the 
port is shown in the foreground. Figure 16 is a 
iph of the casting after the welding had been 
ed. The fabricator indicated the following pro- 
inspection of parts, preheat of manifold to 
port set in fixture and mounted on manifold, 
lding of port in three places, removal of fix 
owed by continuous welding, and lastly, a post 
150 F, removal of slag, and air cooling. 
\C welder was used with a reported welding cu 
160 amperes, using 9; in. diameter electrodes. 
sition of the port was maintained accurately at 
ingle, + 14° and all other dimensions were 
thin +0.003 in. Boring of the port was easily 
lished. 
[7 illustrates an application of welding of 
) cast iron, the steel supporting bars on which the 


Ox 1s mounted being arc welded to the cast 


Showing method of attaching switch box sup 
ting bars of mild steel to cast iron base. 
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Fig. l6 Manifold showing secondary port welded to 


iron base of the stock turret. Formerly the bars were 
bolted to the base, installation of the box involving 
chipping of the casting at four positions, and drilling 
and tapping of bolt holes. The present procedure con 
sists of single pass welds, using ,°; in. electrodes, with 
out preheat. The electrode is also used to build up 
the surface where the top bar is attached, in order to 
bring both supporting bars into the same vertical 
plane 

It is anticipated that this last phase of cast tron 
welding, namely fabrication welding, will receive in 
creasingly greater attention. The illustrations used 
may suggest other applications of fabrication welding 
which are technically sound and offer economic ad 
vantages. 

In closing, it is recognized that many factors in 
volved in welding operations on cast iron must yet be 
evaluated, and the advantages and limitations of the 


arc welding process, both in its general aspects, as well 
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job 


as with special reference to non-ferrous electrodes be 
more clearly outlined. It is hoped that this paper will 
be of assistance to the foundryman in surveying pos- 
sible applications of are welding in the iron foundry 


Arc WELDING oF Cast IRON witH NICKEL ELeE« DES 


are put back in the production line and subjected to same 
machining operations as the unwelded castings. 

J. L. Yarne*: In talking about the strength of the 
we notice that the failure occurs at the junction of weld 
and the parent metal. How does that strength com; with 
the parent metal? 


industrv. 
Mr. KIHLGREN: The particular irons we tested had 


strength of 30,000 to 35,000 psi. In the test bars cane 


Acknowledgments . 
pulled in connection with this whole series of tests, it uite 
The authors wish to express their thanks to ie S. true that most of the fractures occurred in the heat affecy 
Brvner of the laboratory staff for metallographic zone. I think it is probably true that the ones that were n with 


studies. The assistance rendered by J F. Rvan and $ a 600° F. preheat were more inclined to break furt! 
. das « c . . « . 


é d : 3 Bes the weld. 
5. Robinson of the New York office of The Interna- Mr. Yarne: You said the parent metal had a strength o 
tional Nickel Company, Inc., in supplying photo- around 30,000 to 35,000 psi. What tensile strength did yoy 


graphic illustrations of field applications of cast iron find in the case of failure in the cast iron in the welde 


welding is also gratefully acknowledged. Bas mage 


Mr. Kinicren: Failures occurred at 31,000 to 34,000 ps 

I should again like to emphasize that the notched tensile spec; 

References mens were for the purpose of forcing failure in the weld an 

1. J. M. Diebold, J. A. Blastic and J. A. Griffin, “Cast Iron Re- do not necessarily represent the true strength of the wel 
pair Welding Metallurgical . Aspects.“ “TRANSACTIONS, American itself. 


G. W. Zasec*: What is the normal practice which you hay 
followed in welding cast iron by the electrode method. Gen 
erally, heavy castings are fitted with studs. This is particularly 
true of maybe 2 or 3-in. sections and 6 or 10-in. sections, where 
you run into a large hole or even a cracked casting. You intr 
duce steel studs into the casting and interweave your weld 
Do you recommend all studs be left out in repairing that type 
of casting, with that type of a weld? 

Mr. KIHLGREN: We have made joints of mild steel to cast 
iron and there is no particular difficulty as far as making the 
joint is concerned. I do not see any particular objection 


Foundrymen’s Association, vol. 54, p. 343° (1946) . 


2. W. J. Pfander, “Cast lron Weld Repair Methods,” TRANSAc- 
rtons, American Foundrymen’s Association, vol. 54, p. 780 (1946) . 


3. L. J. Larson, “Welding Heavy Gray Tron Castings,’ TRANSAC 
Hons, American Foundrymen’s Association, vol. 54, p. 601 (1946) . 


DISCUSSION 


Chairman: R. G. McELWwee, Vanadium Corp. of America, 


Detroit 
Co-Chairman: W. W. Levi, Lynchburg Foundry & Machine welding without removing the stud, although I have never 
Co., Radford, Va. tried it. 


Co-CHAIRMAN Levi: What is the relative or the approximate Mr. ZAsbeL: In large castings you have heavy segregations of 
hardness of the weld material in the repaired gear tooth in silicon, under which conditions you do not get a good weld 
Fig. 8? and to offset that you use steel studs. 

Mr. KInvereN: On a cast iron of about 190 Brinell, the weld I was just wondering if your metal was more adhesive an 
material runs from 160 to 165 BHN. The weld hardness on forms a better fusion between the two metals than you naturally 
the gear is probably of the same order. get with a normal welding rod. I have used nickel rods an 

I. N. KitcHen’: Would you deem it advisable as a safety have used steel rods and we have also used studs. This is some 
measure to preheat and slowly cool the welded casting in a thing new and I would certainly be interested in the type of 
material and how it is applied if you have that information 

Mr. KIHLGREN: I cannot answer that question, but it is some 
thing that should be considered. I appreciate your bringing up 

I think there are a number of applications where some that point which we have overlooked in our test runs. 
preheating would be desirable. In the specific illustration of J. A. Grirrin*: When you talk about welding with studs 
the fabrication welding of the manifold shown in Figs. 15 and or rivets you are talking about two different types of welding 
16 the fabricator tried it out with and without preheat and One is automotive welding and the other is welding of fixtures 
felt that the 450° F. preheat and postheat were necessary. and jigs and machine bases and such as that, heavy casting that 

I believe the desirability of using a preheat or postheat will may run from 500 up to 2,500 Ib. and it takes in an entirely 
depend a great deal upon the service condition to which the different welding field. I certainly would not be in favor of 
casting is to be subjected and upon the design of the casting. eliminating the studs on any procedure we have in welding 

D. P. Forses*: At what temperature is the weld metal those heavy castings and your nickel electrodes are not going 
deposited? 

Mr. Kintcren: The melting point of pure nickel is about 
2650° F. There is quite a bit of carbon in the weld fusion. 
which drops the melting point and I would estimate it would 
be possibly around 2450° F. Of course, the arc welding process for us. 
involves pretty rapid solidification and immediately when de W. S. Bincuam’: This discussion reminds me of the tme 
posited the weld metal freezes. I went into a blacksmith shop and an old colored fellow wh« 

W. R. Jenninc*: What effect in analysis does the parent used to bend plowshares down at the point to make better 
metal have on these welds? Is there any relationship between suction and increase its life, and I asked, “Can you tel! mé 
the chemical analysis and what you may except of the machin- what heat you use to bend it down so that you won't crack 
ability of the weld? them?” He says, “No, suh, I can’t tell you that. I knows that 

Mr. Kinicren: In the first place, the composition of the cast heat when i sees it. All I know when I sees it.” All | know 
iron will play an important role in determining how high the about cast iron is I know by seeing it.I have welded a lot 0! 
hardness of the heat affected zone will be. The irons on which cast iron. 
these electrodes have been used vary from around 3.50 carbon In the old days before a lot was known about building uf 
and 2.40 silicon down to about 3 per cent carbon and 1.85 silicon. railroad cross bars, I was one of the foolish fellows that wen! 

Mr. JeENNING: I think that our experience has worked out up and down the railroad with a carload of oxygen acetylene 
that way. tanks and welded railroad crossing frogs with a torch. Of course 

Mr. Kinicren: As far as the machining operations are con- there is a little trick in doing that but I could not get anyone 
cerned, in some cases that we are aware of, the salvaged castings else to do it. It seems they were afraid of a big flame. 


meena eS ‘Chain Belt Co., Milwaukee, Wis. 
ee Seat ef ~ yotacen, Ci, BS. Y 5 enn eres, & <-. a, 
sunite Foundries Corp., Rockford, * Pontiac Motor Co., Pontiac. Mich. 
* Deere Mfg. Co., Waterloo, Iowa 7 Centrifugal Machine & Engineering Co., Kalamazoo, Mici 


case of this particular type? 
Mr. KiniGReEN: There is a pretty extensive record of a large 
number of salvage operations done without preheat. 





to replace that. 

I believe the author of the paper means to present this 
mainly for automotive salvage and you take that field in itself 
and it is certainly a worthwhile article that he has writter 
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been said about the test bars that were shown and I do know, however, when | see a good job otf welding 
ut test bar thing is getting to be quite a_ joke that someone back of it has given it some thought. When I go 

entire foundry industry, but, of course, you fellows into a foundry and see how they try to repair their castings 

e heard that before, but the point is the fracture I do not care whether it is a nickel rod or any other kind of 
the side of the weld in the casting. If the test ba rod, without proper consideration of the weld, | know what 
iced in order to minimize the amount of stress they are going to get and so should the foreman of the repair 

it particular area, the fracture would show at the welding department 

weld. But, there is a change in the carbon structure Mr. KIHLGREN: The application of welding to salvage of 


in the weld area. We soon learned if we put in gray iron castings requires the combination of competent super 


not have to puddle the parent metal vision and a workman who has pride in doing a good job and 


jing industry has recognized the two types of welds can follow instructions given The characteristics of cast iron 


ile weld and one is fusion weld. In the old black are such that you have to give thought to the welding procedure 


we used to think if you did not puddle weld, if you to be used 


ve the weld up to a dripping welding heat, it would 


MempBer: Have vou found the machinability of the weld at 
We learned later, possibly the metal did not need 


the line of union was affected by preheating: 
heat. If I were a purchaser of castings that had eo - ee 


red by stud welding, or, if I was a buyer of the Mr. KIHLGREN: We have generally found that a weld that has 

would refuse the castings thus welded. I will say been preheated will have a somewhat better machinability at the 

many cases, and I might almost say 25 per cent of fusion line on the surface of the casting. However, I think 
larger scrap castings could be saved if there is enough I should emphasize again that the so-called “cover pass” tech 
casting to justify the weld. nique, that can be applied to castings welded without preheat 
ied nickel alloy in gray iron and its effect naturally is effective in tempering the heat affected zone, thus improving 
trifugal motion, in which I am very much interested the machinability. 











APPLICATION OF A SINGLE SLAG PROCESS 


TO BASIC ELECTRIC STEEL 


M. V. Healey* and R. W. Thomas** 
General Electric Co., Schenectady, N.Y. 


AN APPLICATION in the plant with which the 
authors are associated requires a considerable number 
of medium to large sized molybdenum alloy castings 
which are made from either basic electric or basic 
open hearth steel. A brief comparison of basic elec- 
tric with basic open hearth steel castings follows. The 
castings from basic electric steel usually have been 
made in the Schenectady foundry of the company. 
The castings from basic open hearth steel have been 
purchased from an outside vendor. 

The castings made in the foundry of this company 
have been of metal from a six-ton, Heroult-type, basic 
lined furnace. Charges have varied from 22,000 to 
30,000 Ib. The steel making process used was the 


* Works Laboratory and ** Foundry Division. 


Fig. 1—Basic open hearth molybdenum alloy cast steel. 
Heat treated at 1742 F; 2 per cent nital etch. X100. 





standard double-slag process in which a short boil 
was obtained lasting for probably 15 to 20 min. re 
moving possibly 0.10 to 0.15 per cent carbon. 

The use of aluminum has been prohibited in the 
manufacture of the steel for these castings. The heat. 
treatment applied consisted of a normalize and draw 
An acicular structure of three to four ASTM grain 
size was desired. 

In routine checking of microstructures of attached 
test bars and in surveying the castings generally, the 
following was noted: 

a. The basic open hearth product invariably at- 
tained the desired grain size on being heat-treated at 
1742 F (950 C). Heat treating at 1922 F (1050 C) 
gave a proportionately larger grain. Figures | and 2 


Fig. 2—Basic open hearth molybdenum alloy cast steel 
Heat treated at 1922 F; 2 per cent nital etch. X100. 











boil 
n. re 


n the 
heat- 
draw 
orain 


iched 
r, the 


y at- 
ed at 
0 C) 
nd 2 


steel 


0), 











\ fyarry AND R. W. THOMAS 





Fig. 3—Basic electric molybdenum alloy cast steel pro- 
juced by double slag process—20-min boiling period. 
Heat treated at 1742 F; 2 per cent nital etch. X100. 


are typical microstructures of the open hearth steel. 

b. The basic electric product made by the double 
slag process, generally, was nonuniform and had a 
grain size much finer than was desired even when 
heat-treated at 1922 F (1050 C). Figures 3 and 4 are 
typical microstructures of this steel. 

c. Basic open hearth steel castings made in dry 
sand molds generally were quite free from pinholes. 
Basic electric steel castings, made under similar con- 
ditions, showed considerable tendency to form pin- 
holes. Since the castings from the two types of steel 
were made in different foundries, it is impossible to 
give any idea of the relative tendencies of the two 
metals to form pinholes. It is possible that mold con- 
ditions largely determined whether or not pinholes 
were produced. 

d. The analyses, in all cases considered, were simi- 
lar. A typical analysis is as follows: 


Element Per Cent 
Carbon 0.18 
Manganese 0.70 
Silicon 0.38 
Molybdenum 1.10 
Sulphur 0.015 
Phosphorus 0.020 


In order to minimize differences in microstructure 
resulting from differences in heat-treatment, all micro- 
‘ructures referred to herein were obtained by heat- 
treating two-inch samples from test bars in a small 
laboratory furnace whose control couple was adjacent 
the samples treated. The holding time was six hours 
in all cases. The samples were furnace cooled at a 
rate which was estimated to be equivalent to the air 
cooling of a large casting, or about 900 F (500 C) per 
hour through the critical. 


Fig. 4—Basic electric molybdenum alloy cast steel pro- 
duced by double slag process—20-min boiling period. 
Heat treated at 1922 F; 2 per cent nital etch. X100. 


Improvement in the Double Siag Process. It was 
first thought that the desired microstructures might 
be obtained from basic electric steel castings if the 
boiling period were lengthened so as to be more com- 
parable to that of the basic open hearth. It was also 
thought that the reducing period should be as short 
as practicable to minimize pick-up of gases after the 
end of the boil. 

Accordingly, the following requirements were placed 
on the steel making process. 

a. The carbon in the charge should be 0.55 to 0.60 
per cent. 

b. The boiling period should be lengthened to 
approximately one hour, removing an estimated 0.40 
per cent carbon. 

c. The boil should be stopped when the carbon 
reaches a value equal to or only slightly below that 
desired in the finished product. 

d. Forty-five minutes should be ample time for the 
reducing period. 

Considerable improvement was noted in the basic 
electric product when the heats were boiled thor- 
oughly and finished quickly. The microstructures 
showed decidedly better grain growth (Fig. 5) and it 
appeared that pinholing was lessened. However, it 
may be seen by comparing Fig. 5 with Fig. 2 that the 
performance of the open hearth was not equalled. 

Single Slag Process. At this point it appeared that 
the possibilities for improvement of the double slag 
basic electric process had just about been exhausted 
without bringing the product to par with basic open 
hearth steel. 

The following reasoning was then developed with 
respect to basic electric steel making. 
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a. The difference between basic electric and basic 
open hearth steel must be due to something beyond 
the elements normally measured by chemical analysis. 

b. The difference could be caused at least in part, 
by neutral or reducing gases residual in the bath afte 
an insufficient boil or reabsorbed after the end of the 
boil. Of these gases, nitrogen is most likely the trouble 
maker. It has been used on occasion to promote fine 
grained structures in steel. Furthermore, there is con- 
siderable likelihood of nitrogen absorption during the 
reducing period. 

c. The apparently greater tendency of basic electric 
steel to pinholing could be due to greater quantities 
of hydrogen (and nitrogen) either residual in the bath 
after an insufficient boil or reabsorbed after the boil. 

d. The boiling period should be of sufficient dura- 
tion to eliminate residual neutral and reducing gases. 
Until it is possible to measure accurately gas concen- 
tration in molten metal this must of necessity be a 
cut-and-try procedure. 

e. Since gas elimination ceases with the end of the 
boil and since re-absorption can begin immediately, 
the reducing period offers an opportunity for increas- 
ing the gas content of the metal. 

f. The reducing period, save for the recovery of 
oxidizable alloys, performs no apparent useful func- 
tion in the manufacture of steel. 

g. If the reducing period were eliminated the re- 
sultant basic electric process can be quite similar to 
that of the basic open hearth. 

h. Some cost reduction can be accomplished by the 
elimination of the reducing period. 

As a result of the above reasoning the following 
basic electric steel making process was devised. This 


Fig. 5—Basic electric molybdenum alloy cast steel pro- 
duced by double slag process—60-min. boiling period. 
Heat treated at 1922 F; 2 per cent nital etch. X100. 
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process should be classified as a single slag pri cess jp 
which the metal is tapped under an oxidizi:y sjap 

a. The heat should be boiled thoroughly e00d 
elimination of neutral and reducing gases. for th. 
particular application in mind, a boil of about on 
hour’s duration removing approximately 0.40 per cen, 
carbon was thought necessary. 

b. The carbon in the charge should be 0.55 to 069 
per cent so that after the removal of 0.40 per cent, th, 
concentration of that element should be approx;. 
mately that desired in the finished product. . 

c. The boil should be blocked with 0.10 to 0): 
per cent silicon as soon as the carbon concentration 
reaches the desired value. 

d. The manganese addition should be made imme 
diately as low-carbon ferromanganese. 

e. Since the end of the boil generally finds the bat! 
somewhat colder than desired, approximately five min. 
utes must be allowed for temperature adjustment 
(Applying current after the end of the boil admitted) 
is against interest.) 

f. The final silicon addition should be made to tly 
ladle. 

A number of molybdenum alloy steel heats pro 
duced in the basic electric furnace by the single slag 
process brought out the following complaints. 

a. Since the usual fluidity measurements were not 
applicable, there was some confusion in judging tem- 
perature. It is believed that this complaint has been 
answered by the installation of an immersion thermo 
couple for accurate temperature measurement. 

b. Erratic manganese recovery was experienced in 
heats whose boiling period was prolonged until the 
carbon value reached a low figure. 


Fig. 6—Basic electric molybdenum alloy cast steel pr 
duced by single slag process—60-min boiling period 
Heat treated at 1742 F; 2 per cent nital etch. x100 
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Fig. 7—Basic electric molybdenum alloy cast steel pro- 
duced by single slag process—60-min boiling period. 
Heat treated at 1922 F; 2 per cent nital etch. X100. 


Figures 6 and 7 are photomicrographs of samples 
of steel produced by the single slag process in which 
a boiling period of one hour was used. Figure 8 is 
a photomicrograph of a sample from a heat which 
was boiled 15 to 20 min., but otherwise finished 
in the prescribed manner. It is evident that adequate 
boiling is necessary if full benefit is to be realized. 

No data of value was obtained as to the relative 
tendency to form pinholes of the steel produced by 
the single slag process. Attempts to determine gas con- 
tent, which should be a measure of the tendency of 
the metal to form pinholes, were not successful. The 
writers were further handicapped by the fact that 
there was no better definition of mold conditions than 
‘dry sand” and “green sand.” 


Metal and Mold Standards 


In the absence of the use of aluminum, probably 
both metal and mold should subscribe to certain 
standards, if pinholing is to be avoided. The opinion 
is ventured that the single slag process should pro- 
duce steel of lower gas content than does the double 
slag process and hence the metal so produced should 
have less tendency to form pinholes. 

A large number of medium to mild carbon steel 
heats also were produced by the single slag process. 
In these heats the boil was limited to about half the 
time duration and carbon drop used in molybdenum 
alloy steel heats. An aluminum addition of 2 Ib per 
‘on was made to the ladle about two minutes after 
pouring from the furnace was complete. Castings 
from these heats have caused no adverse comment 
and may therefore be considered satisfactory. 

Che saving in time and electricity realized by the 


Fig. 8—Basic electric molybdenum alloy cast steel pro- 
duced by single slag process—20-min boiling period. 
Heat treated at 1922 F; 2 per cent nital etch. X100. 


elimination of the reducing period, obviously was the 
amount of each normally expended in the period. 

The following conclusions appear to be justified. 

a. The single slag process is capable of producing 
steel approaching the product of the open hearth in 
grain growth characteristics. 

b. The reducing period in the basic electric fur- 
nace performs no useful function in steel making 
except possibly that of recovering oxidizable alloys 
from the slag. 

c. Some reduction in the cost of a heat is accom- 
plished by the elimination of the reducing period. 

d. The single slag basic electric process is not a 
guarantee of freedom from pinholes if mold condi- 
tions are to be ignored. It is the opinion of the writers 
that this process produces metal of lower gas content 
than does the double slag process. How much lower 
is not known. 

e. Measurement of gases in liquid metals is neces- 
sary if the tendency of the metal to form pinholes is 
to be evaluated. 

f. This development is offered in its present stage 
of completion for the purpose of eliciting such criti- 
cism and suggestions as may be offered. 
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DISCUSSION 


Chairman: C. H. Loric, Battelle Memorial Institute, Colum 

bus, Ohio 

Co-Chairman: E. C. Troy, Dodge Steel Co., Philadelphia 

CHAIRMAN Loric: This paper gives us a different viewpoint 
on the relative merits of electric and basic steels. Some years 
ago, the consensus was that perhaps electric furnace steel would 
excel but today we have indications that basic open hearth steel 
is equally good. 

It is also interesting to note that some emphasis is now being 
given to the role of nitrogen in steel. It is of interest to know 
that some of the emphasis on hydrogen is being shifted to 
include nitrogen in the study of gases in steel. There are rea- 
sons for this. Work by Benedicts and Loftquist, and work by 
other investigators has indicated that nitrogen may play a more 
important role in the control of grain size than does oxygen. 
This leads to new concepts of the mechanism of grain size 
control. We know so little about it as yet. It does illustrate, 
however, that grain size control is an extremely complex mecha 
nism about which we must know more if we are to have the 
degree of grain size control the authors have found so necessary 
in their application for steel castings. 

C. W. Briccs': I appreciate the Chairman's remarks about 
nitrogen and I would appreciate the authors presenting some 
nitrogen analyses. I hardly see how one can say that grain size 
and other variables are due to nitrogen, or hydrogen, without 
quantitative information being presented. It is granted that it 
is not an easy analysis to make, but there are institutions that 
are making the analyses daily and it would seem that in order 
that an understanding of the situation is obtained that informa- 
tion on gas analyses should be provided. 


' Steel Founders’ Society, Cleveland 


Fig. 9—See Discussion 
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Mr. Heatey: Unfortunately, we cannot give any 
gas content. We have tried gas analysis but the resu 
are not worth reporting. We have not said exactly 
gen causes inhibition—we have suggested that it does 


not proven it. 

Mr. Briccs: Well, how can you even suggest it. 

Mr. Heacey: If you put a heat through a reduci 
there is more inhibition than if the reducing perio 
nated. What other than gas added during the redu n¢ 
could cause this? 

Mr. THomMAs: We were partly influenced by the 
nitrogen-bearing ferro-alloys are often used to obtain fi 


steel. 

Mr. Hearty: I hope at some future date to have 
that will bring out the answer to the question ask: Vl 
Briggs. 


J. K. McBroom®: I have had no experience with nitroge; 
this type of steel, but while trying to control nitrog 
higher alloy steel which I know was definitely influe: 
the chromium content, I found that in 5-ton heats of ste 
containing in the neighborhood of 20 per cent chromiun 
was impossible for me to melt down a heat without picking 
from 10 to 12 points of nitrogen. Those figures were chy 
in another laboratory, so we felt fairly sure of the results 


> 


obtained. 

We also were convinced that this nitrogen pick-up was 
general due to the high chromium content. In other yw 
the action in the are of an electric furnace is essential]; 
Haber process for fixation of nitrogen, where you pass 
through an electric arc and cool it rapidly after it passes throug 
Chere always is air in your electric furnace, and \ 


REDUCTION OF AREA 


te 


the arc 
have all the essentials for the Haber process for fixatio 
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Fig. 10—See Discussion. 


gen except the cooling. The air cannot be cooled but if 
i have some means of holding this nitrogen fixed, it will not 
evert back, it can be fixed in your steel. A high chromium or 
igh silicon steel will fix the nitrogen as some sort of nitride 
is retained in the steel. Now, whether that or a similar 
tion takes place in the steel that you have under considera 
[ do not know, but I do know it did happen in the steel 
ning about 20 to 25 per cent chromium. 
Mr. Heatey: You think if we watch our residuals we might 
key to some of our problems. I think you have a very 
good point. It could be that residuals like chromium might 
| the nitrogen combined. In our attempts at gas measure 
did try to measure combined nitrogen along with 
gen and hydrogen. We believe our failure to get any 
results was due to our equipment. We are now get- 
ig new equipment. If we are successful in gas measurement 
| pick up the relationship to residuals. 
H. H. Jonnson*: The single slag basic electric process is of 
to us because we have converted one of our acid electric 
to a basic-lined furnace and in our work with this 
we are trying out the single slag process. 


Malleable & Steel Castings Co., Sharon, Pa. 
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I would, therefore, like to offer comments on the paper 
largely based on our experience. 

rhe first has to do with the prolonged boiling period to 
which the authors refer. We feel that the intensity of the boil 
rather than its duration is the important factor. If the boil is 
so violent that you practically have to lift the furnace roof, 
then it is doing some good. If the boil is slow, it can last for 
an hour without doing too much in the way of flushing out the 
gas in the metal, in our opinion. 

We, too, would be very much interested in the gas analysis 
We have indications that the gas content of heats made using 
the single slag process is perhaps slightly lower than that of 
heats made by the double slag process, but we have very meager 
data on that. 

In connection with the measure of the properties of the 
steel produced, the authors have compared the basic open 
hearth product with that of the single slag basic electric by a 
study of microstructures. We would like to present Fig. 9 and 
10 to show the comparisons by a study of the physical proper 
ties of the steel produced. In Fig. 9 we compare the ultimate 
strength values for test bars produced by the two processes. You 
will note that the data are presented in the form of quality 
control charts 

The level of strength for the steel from the electric furnace 
is slightly less than that from the open hearth. The control 














374 


limits are practically the same distance apart, indicating that 
the two processes give a product that is at about the same level 
of uniformity. 

Figure 10 comparing the reduction of area for test bars from 
the two processes shows a more erratic condition so far as scatter 
of results is concerned than Fig. 9. The range or spread is 
practically the same for both processes, however, as is the level 
of values, 

It would seem from these two comparisons that we are pro- 
ducing about the same quality of steel by the single slag basic 
electric process as we are by our basic open hearth process. 

Mr. Heatey: Because we did not know how else to measure 
the boil, we decided on a certain carbon drop. Therefore, we 
specified that the bath should contain 0.60 per cent carbon 
at the start of the boil and that the boil should be stopped 
when the carbon reached 0.20 per cent. We have had some 
thought to the effect that a mild boil would affect the metal 
near the surface leaving that at the bottom unaffected. Prob- 
ably we will have to make a better definition of boiling than 
carbon drop. 

In regard to Fig. 9 and 10, we have had the same experience 
for the same composition and heat treatment. The large-grained 
material will have higher tensile and yield properties. 

G. A. Littiegvist*: How much phosphorus and sulphur re- 
duction did you have? 

Mr. Heatey: We have found, starting with an estimated 
0.03 per cent sulphur with the basicity of the slag in order and 
with a good boil, that we should get down to 0.015 per cent 
sulphur and lower. 

We have had sulphur under this figure and also a little above 
it. I suppose sulphur elimination is a sort of catenary. As you 
get down to 0.015 per cent and certainly to 0.010 per cent, the 
line flattens a bit and further elimination becomes harder. We 
have found that if the sulphur is brought to a low figure in 
the oxidizing period, there is little further reduction in the 
reducing period. 

J. B. Catne®: It is my impression that these steels are more 
or less special steels, coarse-grained steels for high temperature 
service, primarily, for creep resistance. Then would you recom- 
mend this practice for ordinary steels, and how do the low- 
temperature impact properties of these coarse-grained, silicon- 
killed steels compare with fine-grained fully deoxidized steels? 

Mr. Heatey: Anything that is good in creep seems to be low 
in shock resistance. 

In running a single oxidizing slag heat in preference to a 
double slag heat, a certain amount of saving is accomplished 
which is roughly the time consumed in the reducing period. 
That probably is the main advantage in using this process for 
producing plain steel for room temperature service. I suspect 
that plain steel produced by this process will be fine rather 
than coarse grained if the usual aluminum addition is made. 

C. E. Sms*: The authors favor elimination of the second 
slag and the use of only a single slag. In that I am in hearty 
accord, They have shown in the last statement that they accom- 


* American Steel Foundries, East Chicago, Ind. 
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plish very little during the second period, even in des 
tion, and that compares well with other data that 
published. What it amounts to is that the second s| 
reducing period of the heat, is merely a prolonged b! No 
if the elimination of the second slag is good, why not 
further in the same direction and eliminate the blo 
first slag? 

Mr. HEALEY: You say if this is true, why not g 
I do not think anybody can argue with that. Was 
to eliminate the block and add manganese and silic 
the ladle? 

Mr. Sims: Yes, that would be one way of doing it. 

Mr. Heacey: You will note that after we blocked ‘he }, 
we continued to apply current to the furnace for a short tiny, 
If the arc is supplying nitrogen to the bath, this applicatio; 


of current is against interest. What you suggest would be a 
improvement. 

Mr. Tuomas: I think Mr. Sims is perfectly right. If we oy 
knew we could have definite control, we would certainly like ; 


eliminate the block. 

CHAIRMAN Loric: In regard to this matter of time of boj 
I just wondered whether anyone had experience with the uy 
of oxygen gas to shorten the boil and perhaps obtain the samy 
result? —Those who were at the open hearth conference in Cj; 
cinnati heard a great deal about oxygen, not only for use iy 
the open hearth but also in the blast furnace. There has been 
much work done in steel mills on the use of oxygen in th: 
electric furnace. I am sure that within a year we will hear , 
great deal about its use in the steel foundry. 

R. H. Jacosy': We have done a little work using oxyge 
on the acid-electric process, with pressures running 75 |b using 
a manifold set-up with a Y-in. line. As to our results, it is a 
little bit early to say. It is possible to know the carbon dow; 
and knock it down fast, but it is rather erratic. We were 1 
able to duplicate the results early in the heat. We were tol 
that we could start the carbon down shortly after obtaining ; 
flat bath, but we did not find that to be true. We have fou 
it best to wait for the first indication of boil. At the present 
time we are not using it in a production set-up but are using 
it to assist in getting the low 0.05 to 0.07 per cent carbor 
required on stainless alloy. We use the oxygen last to get tha’ 
carbon down when it is hanging, knocking it usually from 0: 
or 0.13 per cent down to 0.06 or 0.05 per cent in less than fi 
minutes. We found excessive oxygen pressures, going as hig 
as 150 lb., were detrimental to the bottom of the furnace i 
melting about a 6,000-lb. heat in a 114-ton furnace. 

Messrs. HEALEY AND THOMAS (authors’ closure): We wou 
like to say a little more about gas analysis. Our results to date 
have been disappointing. We do hope to be able to measur 
combined and total nitrogen and hydrogen. We think when w 
can do this we will be able to determine the relationship of 
these gases to normality or grain size. We also think with ga 
analyses we will be able to define an adequate boil. 

We wish to thank those who have participated in the dis 
cussion. The remarks of Messrs. McBroom, Johnson, and Sim 
are of particular interest. 
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IMPORTANCE OF RADIOGRAPHY 
TO INSPECTION 


By E. L. LaGrelius * 


ABSTRACT 


n departments can use standard radiographic tech 
great advantage in the preliminary and final inspection 


{dvantages of inspection by x-ray include rapid non-destruc 
imination of an entire lot of castings, assurance that 
castings have been properly repaired, and the avail- 

f an immediate check on uniformity of foundry tech 


\f particular importance is agreement between the purchase 
foundry as to the number, size and location of radio 
g and the direction from which they are taken. These 
rties should also have an understanding regarding the inter- 
n of the films. 


RADIOGRAPHY, as practiced by many foundries, 
has developed into a useful inspection tool and is 
becoming more frequently used as its applications and 
,dvantages are better understood. 

Formerly, radiography was used almost entirely as 
a development tool to shorten the time required to 
get a pattern into production. In this connection, it 
is used in place of sectioning a casting which is time 
onsuming. In addition, defects which would be dis- 
overed by x-ray are sometimes missed entirely when 
i casting is sectioned. 

\s the use of x-ray methods becomes more wide- 
spread in the castings industry, radiography is assum- 
ng increased importance in the inspection of castings. 
When used wisely, radiography can aid inspection in 
the following ways: 

|. Radiographs of sound castings assure the inspec- 
tion department it is receiving sound castings, similar 
to the pilot castings previously accepted by the pur- 
nase! 

-. Radiography assures the inspection department 
that a uniform casting production procedure is being 
tollowed. 

. Radiography is the only rapid method known 
uch assures maintenance of a quality standard of 
nternal soundness. 

'. It aids in ascertaining whether or not a defect 
as 1 entirely removed through improved foundry 
tech 1e, 

). It assures the inspection department that repairs 


Re rch Metallurgist, American Steel Foundries, Research 
nae y, East Chicago, Ind. 


made by welding are free of defects and that the 
entire defective area has been properly repaired. 

6. Radiography aids the inspection department to 
ascertain in many instances which foundry depart 
ment is chargeable for the defect. 

7. It enables the inspection department to find 
defects before considerable labor costs have been ex 
pended in cleaning or finishing. 

8. Radiography has an appeal for the customer. 
Ihe inspection department is generally the liaison 
between foundry and customer, and radiography aids 
inspection in presenting its problems to a custome 
For example radiography may be used to explain why 
a particular casting design will lead to a shrinkage 
cavity or other type of defect. 

When such a problem arises, it is possible for the 
foundry to show a radiograph of the casting to the 
customer immediately after pouring, before any work 
of cleaning is done. The customer then has an oppor- 
tunity to decide whether that defect will be detri- 
mental to his product or whether he wishes to pay 
an additional cost to remove the defect in question 
or to alter his design to prevent it. 

Although in recent years, much information has 
been published on this subject, a review of the more 
important factors involved in radiography is worth 
while. 

Equipment. The development of radiographic 
equipment has progressed rapidly, during recent years, 
making it possible to radiograph all types of materials 
in different thicknesses. Generally, a foundry can 
choose radiographic equipment which is suitable for 
products now in production and products which may 
be produced at some future date. 

At the present time, it is possible to secure a variccy 
of equipment classified generally according to operat- 
ing voltages. Typical classifications are: 

For light magnesium and aluminum, 3,000 to 50,000 
volts. 

For heavier sections of magnesium and aluminum, 
30,000 to 150,000 volts. 

For light steel sections up to 2 in. in thickness, 
60,000 to 250,000 volts. 

For steel up to 5 in. in thickness, 1,000,000 volts. 

For steel up to 8 in. in thickness, 2,000,009 volts. 








70 























ROUTINE POSITIONS} STANDARD 





1,4, 13 I 





RANDOM POSITIONS 





2,3, 5, 6 I 
7, 8,9, 10, 11, 12 jag 
NO. OF | POSITION | FILM 
POSITIONS| NUMBERS SIZE 
6 1,2,3,4,5,6 | 7X17 
6 7,8,9,10,11,12| 5 X 7 
1 13 11X 11 






































Fig. 1—Radiographic position chart, indicating areas 
to be tested; applicable standards for such positions, 
which have been established through agreement of all 
parties concerned with inspection procedure, and sizes 


of film recommended in the case of eac h position. 


Fig. 2—Radiograph showing indications of gas porost- 


ty, which appear as round or elongated, smooth-edged 
dark spots which may appear individually, distributed 
through the casting, or in clusters. Such defects are 
renerally attributed to imperfectly deoxidized metal, 


we) 


gas formed when moisture or volatile material on 


mold surfaces comes in contact with hot metal, entrap- 


ment of air in mold cavity, or excessive gas from im- 
properly baked cores. 





IMPORTANCE OF RADIOGRAPHY TO [\ 


In addition to this equipment, there is the | 
which has not yet come into common use. | 
tron can be used for x-raying thicker sectio 
are possible with the highest voltage x-ray 
the largest practical amounts of radium. 

Radium may be rented or purchased in 
convenient for the examination of medium 
of steel and copper-base alloys. 

Fluoroscopy, for examination of light m« 
ings and for exploratory examinations of thir 
ferrous castings, is being used increasingly 


where visual examination is sufficient and a ma 
nent record is not required, and where the low 
sensitivity of fluoroscopic images is not a disadvantag 


Methods of Application. An inspection department 
is concerned primarily with interpretation and jis ; 
interested to a large extent in the mechanics of pro 
ducing radiographs. Nevertheless, certain elements 
radiographic technique must be agreed upon betwee: 
the inspection department and the customer. 

First, it is essential that all know which area of 
particular casting is being discussed at any given tim 
Chis can be accomplished by means of a sketch 
drawing called a radiographic position chart. This 
position chart should include: 

1. Radiographic areas, properly numbered an 
properly shown in respect to all other areas, and th 
correct size of film. 

2. Direction of radiation. 

3. Applicable standard agreed upon by all inter 
ested parties. Figure 1 shows a typical radiograph 
position chart. 

Second, it is essential that all parties have the sai 
concept as to the type of defects or discontinuities 
shown on a radiograph. It is helpful, when discussing 





dd Cas 
mark 
radi 
whic 
mon 
bye lov 

(sa 
ippe 
Spots 


distri 


torme¢ 


mate} 














lig. 4 (above)—Exposure taken through section of a 


casting containing shrinkage areas. These appear as 













14 
i dendritic, jilamentary or jagged dark lines on the film, 
are generally found at the center line of a section or at 
- a junction of thick and thin sections. 
inte 
rapl 
Fig. 5—Hot tears appear as ragged dark lines of trreg 
od ular width, as seen in this radiograph. They may start 
lull at the surface or be wholly internal, may occur in 
1SSi 


groups, although with no definite line of continuity 





















/ 3—Indications of foreign material in a radiograph. 





lsolated irregular or elongated dark areas, not corre- 


onding to variations in thickness of material nor to 





ties, may be observed on the film when parti les of 
nd, refractory material, slag or oxides trapped in the 


metal during pouring, are present in the casting. 


a casting, to have that casting on hand so that surface 
markings and discontinuities can be identified on the 
radiograph. In reading radiographs, only those defects 
which are internal should be considered. The com- 


mon defects with their probable causes are enumerated 
} ] 





elOW 
Gas Holes or Porosity. As shown in Fig. 2, gas holes material nor to cavities. This condition is caused by 
ippear as round or elongated, smooth-edged dark particles of sand from molds or cores, entrapped slag 
spots. These may occur individually, in clusters or or refractory materials, or oxides trapped in the metal 
distributed through the casting. This condition may during the pouring operations. 
be the result of imperfectly deoxidized metal, of gas Shrinkage. Shrinkage appears as a dendritic, fila- 
lormed by the vaporization of moisture or volatile mentary or jagged darkered area on the film, as in 
material from the mold surface, of excessive gas from Fig. 4. This condition ind, -ates insufhcient compensa 
t core because of insufficient baking or venting, or of tion for liquid shrinkage nd is generally found at 
the entrapment of air in the cope surface of a mold the center line of a section, under improperly gated 
t or shaped risers, or at the junction of thick and thin 
i gn Materials or Inclusions. These appear as sections. 
d irregular or elongated dark areas, as shown in Hot Tears. These appear as ragged dark lines of 









not corresponding to variations in thickness of variable widths as illustrated in Fig. 5. They may 
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Fig. 6—An unfused chaplet may be clearly seen in this 

radiograph. Generally, chaplets which fail to fuse with 

the metal are outlined by a dark line. Note, also, that 
this exposure reveals numerous small gas holes. 


have numerous branches, but have no definite line 
of continuity although hot tears may exist in groups. 
They may start at the surface or be wholly internal. 

Hot tears result when the normal contraction of the 
casting is unduly restricted by the mold and/or core 
during or immediately after solidification. Under 
these conditions, the magnitude of the restricting 
forces may be greater than the strength of the metal, 
which is low during and immediately after solidifica 
tion. Improperly designed castings are subject to hot 
tearing. 

Unfused Chaplets. Chaplets which fail to fuse with 
the casting are generally outlined wholly or in part 
by a dark line. In some cases, as in Fig. 6, the chaplet 
may be readily identified. Figure 6 also shows numer- 
ous small gas holes, some of which are associated with 
small shrinkage defects. ‘The irregular black area may 
be an inclusion or a surface blemish. 

Unfused Chills. ‘These often appear in their origi- 
nal shape as a dark area or outlined by a dark line. 
This is shown in Fig. 7. Unfused chaplets and in- 
ternal chills are the result of cold metal or oversized 
chaplets or chills. 

New Uses of Radiography in the Foundry. ‘The 
field of radiography has not been entirely investigated 
and many new uses no doubt will be discovered as 
better equipment becomes available and its applica- 
tions are further explored. Two applications which 
have been explored partially, but are not, as yet, in 
general use in the foundry are: 

1. The examination of complex mold assemblies to 
ascertain whether or not they have been fitted and 
assembled properly. 

2. The study of the flow of metals in molds. 

The latter is purely a research application, but the 
examination of complex mold assemblies falls logically 
into the field of process inspection by radiography. 
This and other new uses for the x-ray, as well as the 
applications enumerated earlier, can be expected to 
increase the value of radiography to the castings indus- 
try through more thorough inspection. 
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Fig. 7—Unfused internal chills often appear, as 

case, in their original shape, outlined by a da» 

Cold metal or oversized chaplets or chills are ger 
considered responsible for such lack of fusi ; 


DISCUSSION 


Chairman: H,. YOUNGKRANTZ, Apex Smelting Co., Chicag 
Co-Chairman: H. C. Stone, Belle City Malleable Iron ( \I 
Racine, Wis. : 

C. L. Frear’: Some of you who have worked on Na ‘ 
ings requiring radiography will agree that we are badly ( R 
of standard interpretation of radiographs. I am going to 
for help here to try to work out some method of obta 
uniform interpretation in order that, wherever made an soun 
spected, the defects in the casting would be identified th 
the same reason for rejection given, and the same process 
repair authorized. At present we are far from having 
standard interpretation. 

Mr. LaGretius: During the war, radiography was req 
by both the Ordnance and the Navy Departments. Con: 
able controversy was noted between local inspectors an 
ducing units. Because of this variance of interpretation, radiog 
phy was dispensed with for a short time. 

But, when it became evident that radiography wou 
requirement in new specifications, our company formed a1 
plant radiographic committee. This committee was prima 
for the education of our own employees, but in my opinio! 
same procedure could be carried out between a produc 
the Bureau of Ships. 

The first work done by the committee was to select 
defect standards (shrinkage, gas holes, tears, etc.) noting w! 
defects had caused failures under service conditions or 
during static or dynamic tests. 

The committee next had to recognize that certain areas 
a casting were more highly stressed requiring better 
than areas requiring lower stresses or loads. Following t! 
cedure castings were zoned; zone | for most highly stresse 
zone 2 for less highly stressed areas, etc. 

You will note that we are not endeavoring to produc 
casting free of defects but a casting which will perforn 
factorily and which can be produced economically. 

Also, during the early part of this committee work, w« 
considerable misinterpretation which was due to impro; 
density. We had also noted this during the war, where !o 
Navy inspectors requested very light radiographs. Som« g 
H&D densities of less than 1.00. We have now standar 
an H&D density of 1.75, and would probably use a lig 
density if satisfactory viewers were available. 

Mr. Frear: You will find that the next specificati: 
issued will specify a density of approximately 1.50. 

Mr. LaGretius: I worked with the Navy quite a bit during 
the war and there seemed to be a considerable diffe: 
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(,;RELIUS 


Navy Yards themselves and the inspectors in the field 
sn: That is why I am asking for a standard interpre 


GreLius: We must first start with a standard film 


sr: That is one of the things we are doing. Another 
important thing we have to do is to train the 
recognize the defects that they are looking at 
1t the case now. In different districts the inspectors 
et the same discontinuity as different types of defects 
es the use of standards useless 
sGreLius: That would not be the case if they had 
idiographs to compare them with 
ear: I think we have some good standards 
,Gretius: I have not seen your latest ones but your 
were built around high-pressure castings. 
REAR: Our present standards cover all castings used by 
u of Ships. This includes high pressure and structural 
f all sizes. 
\ LAGRELIUS: The number of standards can become so 
the inspector could not leaf through them and tell 
pe of defect standard is applicable. The main point 
erpret a film for the major defect, whether it is shrink 
foreign material, etc. You can interpret the mino1 
later and add them together and find out whether the 
rea serviceable or not. This may not be the answer to get 
id them alike, but I believe that if we could make up 
is of a small enough number that inspectors could 
rize them, you might arrive at a more definite result 
MemBer: What type of casting is this mostly recommended 


for? We are in malleable iron casting production 

Mr. LaGrettus: It can be used with any type casting. Just 
vhat defect standards you would require for malleable castings 
would have to be determined by either static or service tests. 
Radiography can be used with any metallic materials, whether 


; aluminum or cast iron. We have X-rayed cast iron and 
is been very informative. It all gets right back to how 
nd a casting is needed. For some particular job in which 
he casting is going to be put under certain service conditions, 


soundness may be entirely different than the rough casting 
hat is going to be used as a plate where no stresses are applied 
On castings that have to be machined, radiography will dis 
se where you are having cavities, so that you can eithe 
hange your heading and gating and put the cavity some place 
se or eliminate it altogether. 
Years ago we used to section castings into l-in. and 14-in 
ces and maybe even criss-cross and, lo and behold, we would 
niss the defect that we were trying to eliminate. We would 
hink we had a sound casting and send it out to a producer o1 
manufacturer and he would find the cavity in his machining 
rocess. We had missed it in sectioning. With radiography as 
ne of the inspection tools, especially if it is an internal defect, 
t would have been located. You can take radiographs of an 
nuire casting and locate all internal defects. 
\s to the sensitivity and how small a defect you can locate, 
i can obtain a sensitivity of 2 per cent. Some say | per cent, 
it I still think 2 per cent. 
Mr. Frear: I would not guarantee better than 3 or 4 per cent 
most cases with radium, and not better than 2 per cent with 
X-ray, although you can get down to 1 or 114 per cent with 
X-ray if you have the right kind of X-ray equipment and use 
right technique. 
Mk. LAGRELIus: Two per cent is about the ultimate for a 
it you can use every day. 
Mk. Frear: Yes, and for gamma rays it would be about 3 pet 
e \lthough the specifications call for two per cent, I do not 
you can guarantee better than 3 per cent. 
E. THomas*: I would like to bring up the matter of inter 
n vs. evaluation. The two are very different. You have 
em of interpreting what you see on the film to determine 
the indication on the film is of a crack, shrink, inclu 
whatnot. You have a separate problem, then, in evalu 
e effect of that discontinuity on the serviceability of the 
\re you looking for standards of interpretation of 
phic films or evaluation of the effect of various dis 
ties on the service life of the particular casting? 


aflux Corp., Chicago 








Mr. Frear: We are looking for both, although the standards 
really state the evaluation 

Mr. Tuomas: There are two specific problems, both of which 
must be solved. It seems to me that you have a much bigger 
problem in your large field force than Mr. LaGrelius has with 
his 20 men in teaching first the interpretation of the radio 
graphs. Is Mr. LaGrelius teaching both interpretation and 
evaluation: 

Mr. LaGretius: The metallurgical department teaches only 
interpretation. Evaluation is done by the engineering or design 
department They tell us how much a section can be reduced 
and still meet service stresses. The Navy Department does the 
same thing, I believe They have two separate departments 
one that teaches the type of defect that may be found in cast 
ings, and another that tells how much of that defect can be 
tolerated. Interpretation is easy. You can teach an intelligent 
man or woman whether an internal defect is shrinkage, gas, 
a hot tear, crack, cold crack, etc. But how certain defects will 
affect the serviceability of the casting must be first determined 
by static or service tests. The producer must instruct his inspec 
tors as to purchaser's requirements. What does he want? He 
says a sound casting. If he means souND casting, then, in my 
opinion, he does not want a casting. If he says a sound casting 
for a specific use then you can arrive at what he wants by a 
certain amount of testing and then set up definite specifications 
All of our standards are set up on 5x7 areas. I do not know 
whether that will work for Navy castings, but it works for rail 
road castings, as far as testing is concerned 

Mr. THomaAs: You are doing well to get into evaluation. It 
seems to me that is primarily the purchaser's job 

Mr. LAGre tus: Have any of you tried to draw a line between 
interpretation of a specific defect and how much could be had 
in a specific area for certain service conditions? 

Co-CHAIRMAN Stone: We have considerable experience in 
X-raying malleable castings. In our plant the foundry in setting 
up on a new job has a definite procedure to follow. The job 
is gated and made in the fashion that it is going to be made in 
production, i.e., if it is made on a squeezer machine, the sample 
castings are made on a squeezer machine. After the foundry 
is satished that a sample casting is sound on breaking it up 
in the hard iron state, a sample is also X-rayed. That casting 
cannot be put in production until it is passed on by the X-ray 
laboratory. The final X-rays are passed on by the foundry super 
intendent and in many cases we find shrinks by means of X-ray 
where they were entirely missed by means of breaking up the 
hard iron castings. 

Generally the problem is in heavier sections such as bosses 
It is easy to break a spoke off of a hub, for example, and 
assume there is no shrink in the hub, but by going through the 
hub, we often find shrink in the casting 

It is surprising what we can show in malleable. We have 
had cases where the hard iron fracture will look brown but 
there is no actual open shrink. Sometimes you cannot account 
for a shrink in a soft iron casting because you did not see it 
in the hard iron. Yet that same shrinkage had occurred in the 
hard iron casting as a brown spot, an open shrink. It looks 
much worse in the soft iron casting. The X-ray can pick out 
that immediately and you can avoid that condition. As a safe 
guard to that, we start no production jobs whatsoever without 
the X-ray check, and that has proved invaluable to us 

Member: We do all we can to make a new job as sound as 
possible. Then we take it to the buyer and instead of just 
machining it as a regular casting, we insist on cutting it down 
in our own machine shop. We have success with that procedure 

We have never X-rayed any castings. We have had no occa 
sion to do it. We have worked on war jobs and have had no 
trouble. Perhaps the jobs we worked on were not as critical 
as those other people made. Our procedure is the old method 
Here and there we got a job that we did not do so well with 
for a while, but we finally got into stride 

Mr. LaGretius: During the time you were machining that 
casting to find the defects, if yous-had some method of X-raying 
it, you would have found any defects in it in less than an hour 
and could have proceeded. In my opinion it is impossible to 
machine some castings. 

R. A. Loper*: By the use of X-ray we were able to inspect 
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castings in an hour during the war. We had to take the cast 
ings to a nearby plant that had X-ray equipment to have the 
X-ray work done since we did not have our own 

Some shrinkage spots in white iron do not have a tarnish 
color Under the microscope, however, we find a dendritic 
structure. The X-ray will show that but fracturing the hard 
iron does not always reveal it 

You would not recommend X-ray inspection strictly as an 
inspection tool but as a development tool. Is that right 

Mr. LAGRretius: One hundred per cent inspection is ridicu 
lous 

Mr. Loper: If you were making small parts requiring 100 per 


cent inspection it would take a long time to produce those parts 


That is why I asked the question. If the people who have 
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developed the X-ray would give us something similar 
scope where we could pass and inspect castings under 
as they go through, then you would have a rapid | 
inspection 


Mr. LAGreE.ius: So far, that has to be on very sma 


aluminum, magnesium or thin steel castings. To m 


phy is one of the best tools to develop a new casting 


to know where to put your gates and risers. I am not 


cate of 100 pel cent inspection or using radiograp! 


as an inspection tool fo me, it is a development 


once you develop a procedure and spot-check casting 


produce castings of similar nature which are accey 


service conditions indefinitely, unless you change fou 


tice in some manne! 








NEW TENTATIVE STANDARDS FOR GRADING 
AND FINENESS OF SANDS 
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{BSTRACT tion on particle size distribution. In this way size distribuion for 


particles from less than one micron to the coarsest material nor 











thods of measuring fineness and of grading mold mally considered as part of a molding sand, may be measured 
becoming increasingly important because of the When plotted on semi-log paper, these data form a smooth 
finer molding materials. Fineness may be determined curve which permits exact comparisons among mold materials. A 
» small to be screened by means of a hydrometer cumulative curve also may be drawn from data obtained using 
standardized conditions the operation is simple and screens only. In either case, size distribution can be determined by 
drometer test data combined with the information inspection, and an index to crain distribution can be found by 








sieving the coarser material gives complete informa- means of a simple calculation 








ls of grading and of determint: g the fineness liquid they settle downward in accordance with Stokes’ 



















iry sands have never been entirely satisfactory. Law, and as a result the specific gravity of the suspen 
lo improve present methods and discover new methods sion changes. 
goal of the Grading and Fineness Committee of his change can be measured with a sensitive hy 
{FA Sand Division. drometer. If one knows the specific gravity of the par 
Recently this committee recommended that the ticles; the specific gravity, temperature and viscosity of 
meter method of determining fineness and the the suspending liquid; the settling time, and the depth 
lative curve method of grading be adopted by at which the hydrometer measurement is made, the 
issociation as tentative standards. The Executive effective diameter of the largest particles at that level 
Committee of the Sand Division has approved this may be determined by the formula: 
nmendation. 
The discussions of the two new tentative standards 30 nL. 
the theory and the proc edure for making the d Vv 980(DP-DL)1T (1) 
meter test and the theory and application of the 
ative curve. They were prepared by R. E. Morey, where 
Vetallurgist, Naval Research Laboratory, chairman of d Effective diameter of the particles. In reality, 
Grading and Fineness Committee. Other members this is the diameter of a sphere which would 
ommittee are: B. H. Booth, Foundry Engineer, fall at the same rate as the particle of irregular 
( enter Brothers, Milwaukee; A. I. Krynitsky, Chief shape. 
| Experimental Foundry, National Bureau of Stand- n Viscosity coefficient of the suspending liquid in 
Washington; Stanton Walker, Consulting Engt- poises. For water at 19.4 C (67 F) it is 0.0102 





National Industrial Sand Association, Washing- 

D. C.; H. J. Williams, Sales Manager, New Jersey anne ; 

y 1 Sand Co.. Millville. N ] -and E. C. Zirzow. Core # Effective depth, the distance from the surface 
Room Foreman, National Malleable & Steel Castings of the suspension to the point where the specific 


( Cleveland. 





poise. 







gravity measurement is made. 





Dp = Specific gravity of the particle. Sand or silt 
rhe HY DROMETER MET HOD for averages about 2.65. 
Obtaining Size Distribution D; Specific gravity of the suspending liquid at the 


of Small Particles temperature used. For water at 19.4 C (67 F) it 
is so close to 1.00 that this figure is used. 







[HE HYDROMETER METHOD may be used for de- 






ning the size distribution of particles too small to I Settling time. The elapsed time from the begin 
asured effectively by sieving. This includes mate- ning of the test, when the sample was stirred 
isually called silt and clay. The method depends to produce a uniform suspension, until the 






fact that when the particles are suspended in a reading was taken. 
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TAYLOR BOUVYOUCOS HYDROMETER 
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Fig. 1—Chart showing typical calibrations of hydrom- 
eters from which the “effective depth” can be deter- 
mined readily for any hydrometer reading. 


Effective Particle Size Determined 

Solution of the above equation gives the effective 
diameter of the particle but does not tell how much is 
coarser or finer than this size. Size distribution measure- 
ments made with a sieve determine the amounts of 
material coarser or finer than the size of the sieve. 

In the case of the hydrometer test, the particles still 
in suspension at the depth L are causing an increase in 
the density of the suspension and, according to Stokes’ 
Law, are present in their original concentration. The 
Bouyoucos hydrometer, therefore, measures the amount 
of material finer than the size computed from the above 
formula. The hydrometer is calibrated in grams per 
liter so if a 50-gram sample was used in making one liter 
of suspension, the hydrometer shows the number of 
grams still in suspension at the time it is read. Multiply- 
ing this reading by two gives the percentage finer than 
the effective diameter (d) from the formula. 

By the above method, particles of any density may be 
measured in any suitable liquid at any convenient tem- 
perature and depth. It is only necessary to substitute 
the proper values in the formula and solve for d. How- 
ever, to simplify the process it is possible to control the 
temperature and to use water as the suspending liquid. 
In this case the viscosity becomes constant at 0.0102 
poises. 

Measurement of many samples of sand, silt and clay 
has indicated that they have an average specific gravity 
of about 2.65. For most work, this figure can be used 
but for very accurate work the specific gravity of the 
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sample should be measured. The specific gi 
water at 67 F is slightly less than 1.000, but this 
satisfactory in most cases. Substituting these q 
in the formula leaves only LZ and T, the effecti 
and the settling time, as variables. These are ¢) 
tities measured in each test. 


Hydrometer Must Be Graphed 


The effective depth (L) from the surface of 
pension to the point at which the specific gravi 
urement is made, is variable in the hydromete 


Che hyvdrometer bulb extends above and belo 


point from which the total volume of the bulb 
considered as acting. 


Chis point is the “center of buoyancy” and 
tunately, as the specific gravity of the sus; 


SANDS 


titles 


leptt 


intor 


Nsior 


changes, the level at which the hydrometer floats als 
changes and this changes the effective depth. It is, hoy 
ever, a simple process to plot a graph showing the rela 
tion between the hydrometer reading and the effectiy: 
depth (L). This must be done for each hydrometer, sinc 


no two are exactly alike in shape and weight. 


Graphing Method Detailed 


To determine the points for such a graph, a gradu- 
ated cylinder is filled about three-quarters full of water 
and the amount of water in milliliters is noted. The 
hydrometer then is immersed in the liquid and held 
steady by hand or in a suitable clamp at some reading, 


TABLE 1.—SOLUTIONS OF FORMULA FOR VALUES 


oF L. FROM 7 TO 18 cM. 





L in cm. T in min. d in microns 

y 1 36.4 

7 100 3.64 

7 10000 0.364 
8 1 38.9 

8 100 3.89 

8 10000 0.389 

9 1 41.3 

9 100 4.13 

9 10000 0.413 
10 1 43.5 
10 100 4.35 
10 10000 0.435 
11 1 45.6 
11 100 4.56 
11 10000 0.456 
12 1 47.6 
12 100 .76 
12 10000 0.476 
13 1 49.6 
13 100 4.96 
13 10000 0.496 
14 1 51.5 
14 100 5.15 
14 10000 0.515 
15 1 53.3 
15 100 5.33 
15 10000 0.533 
16 1 55.0 
16 100 5.50 
16 10000 0.550 
17 1 56.7 
17 100 5.67 
17 10000 0.567 
18 1 58.4 
18 100 5.84 
18 10000 0.584 








such 
leve | 


eradi 


Ni 
wale 
orig 
imncy 
of th 
point 


wale) 








Time of Settling versus Particle Size for 


tJ B83 @7s80%1 2 





3eTs 








radu 
water 
The } | 
held tei . 8 4 BhIB21 2 Ss #4 6S T8088 fe 
ding Time 


Graph showing time of settling vs. particle size 
irious values of L (effective depth) from 7-18 cm. 
below surface. 


uch as 20 grams per liter. As it is inserted, the water 
level will rise in the graduate. The new reading on the 
eraduate in milliliters should be noted. 

Now, if the hydrometer is slowly withdrawn until the 
vater level in the graduate has dropped halfway to its 
riginal level, the point which was the center of buoy- 
ncy during the second reading will be at the surface 

the water. Holding the hydrometer steady at this 
measure the distance in centimeters from the 
cr surface up to the 20-grams-per-liter mark on the 

{ the hydrometer. This is the effective depth for 
ding of 20 grams per liter on the hydrometer. 


ont 


peating this process at a few other points such as 
() and 60 grams per liter will provide sufficient data 
plotting the relation. This graph should be kept as 
ong as the hydrometer lasts and, whenever a reading is 
the corresponding effective depth can be found 
liately. Such a graph is shown as Fig. I. 


he formula (1), the variables can be reduced to 
L and T—enabling the plotting of a graph 
vill solve the equation for all values encountered 
il practice. This is done by assuming some value 
issigning a value for T, and solving for d. For 
litions where n=0.0102, L=7 cm., Dp==2.65, 
1.00, the formula becomes 


30 X .0102 X 
V980(2.65-1.00T7 


30 nL 
V 980(De-Dt)T 








Distances (L) from 7 tol8 Cm Below the Surface 
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If T=1, d=0.0364 mm. = 36.4 microns. 
If T=100, d=0.00364 mm. = 3.64 microns. 


0.364 microns. 


If T=1000, d=0.000364 mm. 


If these points are plotted on logarithmic paper they 
form a straight line, as shown in Fig. 2. L then is in- 
creased to 8 cm. and the computation is repeated. 

Table 1 shows solutions of the formula for values of 
L from 7 to 18 cm. inclusive, and times from | to 10000 
min. Figure 2 shows a group of parallel lines for vari 
ous values of L from 7 to 18 cm. inclusive. This of course 
applies only when the temperature is held at 19.4 C 
(67 F), with a water suspension of particles having a 


density of 2.65. 


Equipment Required for Test 


(1) Bouyoucos soil hydrometer. Two types are avail- 
able, one with a range from 0 to 10 grams per liter 
which is satisfactory for most molding sands; and one 
with a range from 0 to 60 grams per liter, which is suit- 
able for sands with high clay content and for other fine 
materials such as silica flour. 

(2) Several 1-liter cylindrical graduates. 

(3) One 10-milliliter graduate. 

(4) Clock or watch with second hand. 

(5) Tank for keeping samples at a constant tempera- 
ture. A stirring motor and a thermostat with a heating 
element is desirable. Insulation around the tank helps 
also to keep the temperature constant. 

(6) Rapid sand washer with adapter ring and baffles 
so that it may be used with |-quart jars. 
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Fig. 3—Graph illustrating how both sieve and hydrom- 
eter data may be plotted as a cumulative curve. 


(7) Wash bottle for transferring sample. 

(8) Sieve, 8-in. diam. 325-mesh, half of full height. 
(9) One-tenth normal sodium silicate solution. 

(10) Distilled water. 

(ll) Oven. 

(12) Sieves. 

(13) Sieve shaker. 

(14) Balance. 


Directions for Performing Test 

(1) Obtain a representative sample (about 60 grams) 
of the material to be tested, dry it in an oven at 105 to 
110 C for | hour, then weigh out 50 grams. 

(2) Place sample in a I-quart jar. Add 5 ml of a nor- 
malsolution of sodium silicate, made by dissolving 14.21 
grams of sodium silicate, meta, (Nay SiO;°9H,O) in 90 
ml of water and then bringing the volume up to 100 ml 
at 20 C with distilled water. Add 500 ml of distilled 
water. 

(3) Attach the rapid sand washer to the jar and stir 
for 5 min. 

(4) Remove the washer, and wash the sand from the 
propellors and baffles into the quart jar, using a stream 
of distilled water from the wash bottle. 

(5) ‘Transfer the suspension from the jar to a 1-liter 
cylindrical graduate. Use a stream of water from the 
wash bottle to make sure that none of the sample is left 
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in the jar. Add enough distilled water to bring the leve! 
in the graduate up to the 1-liter mark. 

(6) Place the graduate in the water bath and bring 
the temperature to 19.4 C (67 F). 

(7) When the suspension has come to temperatur 
remove the graduate and put the sand in uniform sus 
pension by up-ending the graduate, using a stopper or 
holding one hand tightly over the open end. A plunger 
made from a perforated disc with a long handle has 
also been found satisfactory for getting the particles in 
uniform suspension. 

(8) The test begins as soon as the stirring is finished 
The time should be noted and the hydrometer inserted 
carefully. There is no need for making readings at an’ 
exact time so long as the time is recorded when the read: 
ing is made. However, it is convenient to make readings 
at 30 sec., 1 min, 2 min, 4 min, 8 min, 15 min, 30 min, 
| hr and 2 hr. With some materials, readings at 4 lu 
and 16 to 18 hr (overnight) may be desirable. 

With each reading of the hydrometer, the elapsed 
time of settling should be recorded. The top of tl 
meniscus on the hydrometer stem should be read and 
the stem should be kept clean so that the liquid will 
form a good meniscus. If a light is placed near eye level 
and the hydrometer is viewed from a low angle, a bright 
pin point of light will be seen on the stem of tht 
hydrometer at the top of the meniscus, which makes ! 
possible to read the instrument accurately. 

(9) When the readings have been completed, trans 
fer the suspension to the 325-mesh sieve and wash the 
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(14) 
sieves in the sieve test, use the cumulative method: that 
then add 


ne silt through with a gentle stream of tap In weighing the sand retained on the various 


sieve will retain the grains over 44 microns 
r. is, weight the amount on the coarsest sieve, 
the portion on the next sieve, weigh the total, and so on 
An enameled pan slightly larger than the sieve is con 
The sieve is inverted 


ry the sample by placing the sieve in an oven. 
iy be hastened by removing excess moisture 


. \ ad { 
fr towel or blotter placed beneath the sieve enient for emptying the sieve. 


over the pan and the wire is then brushed with a 1-in 
varnish brush, to remove the loose grains 


When the 
each cumulative weight by 2 
per cents retained, and plot them on the same graph 
with the hydrometer data. Figure 3 shows a graph with 
both sieve and hydrometer plotted as a cumulative 


| ransfer the dried sample to a set of AFA sieves ‘ ; 
(15) weighing is completed, multiply 


in the usual manner. 
to convert to cumulative 


lhe data for each reading will consist of a read- 
hydrometer and the elapsed time from the 

the test to the time reading was made. Use 
ometer reading and a graph such as Fig. I, to 
effective depth (L), at which the reading was 
Using L and T, the time in minutes, find the 
ft particle diameter in microns froma graph such 


curve. 


CUMULATIVE CURVE 
for Indicating Size and Distribution 
of Foundry Sands 


Multiply the hydrometer reading by 2 to con- 


finer’’ than the size determined as [he usual way to obtain data on the size of sands is 


per cent 
Subtract the “per cent finer” from 100 per cent 
| the “per cent coarser” than the size. “Per cent 
‘may be plotted on semi-log graph paper (Co- 


to pass a representative sample through a series of sieves 
stacked with the largest sieve at the top and progressing 
down to the smallest sieve at the bottom. A pan at the 


- , e T ¢ r 99 a : 

x Book Co., Norwood, Mass., No. 3115, or 3215) bottom of the stack catches the material which passes 

s the size 1n microns. the finest sieve, and a cover over the top sieve keeps 
particles from escaping. 

Fig. 4-A natural steel molding sand, an Albany sand Ihe number of sieves may be small or large and the 


ratio between the openings of consecutive sieves may 


ndastilica flour plotted to show hydrometer 
or may not be the same. In the AFA sieve series the ratio 


and sieve data. 
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is not the same throughout the series. It will readily be 
seen, therefore, that the amount of material passing 
one sieve and retained on the sieve below, has, in itself, 
little importance. ‘The amount depends on the arbitrary 
selection of the sieves as well as the material being 


tested 
Usual Method of Sieve Analysis 


\ more satisfactory concept of the process may be 
obtained by considering each sieve separately. When a 
sample is placed in a sieve and shaken sufficiently, some 
grains fall through the square openings, while others 
do not. Those which fall through have a minimum pro- 
jected area smaller than the square opening in the sieve. 
Shaking must be continued until the grains near the 
critical size have several chances to pass an opening by 
falling on the opening in diflerent positions. When 
sieving is complete, the sample has been separated into 
one part which is coarser than the sieve and one part 
finer than the sieve. 

If the weight of sand coarser than the sieve is com- 
puted as per cent retained by that sieve, the two frac- 
tions may then be mixed and divided by another sieve 
with a different size opening. In this way a sieve analysis 
may be made, sieve by sieve, and the results with each 
sieve are seen to be independent of the size, spacing or 
selection of the other sieves. The per cent retained by 
each sieve may be plotted as a function of the size of the 
openings in that sieve. 

Io save time, however, sieve analyses usually are 
made as stated above by means of a set of nesting sieves, 
the weight of material passing one sieve and retained 
on the next finer sieve being reported. Usually an effort 
is made to present this information in the form of a 
graph which is generally unsatisfactory because the 
ratio between sieve sizes was not uniform throughout 
the sieves used. 

Satisfactory results may be obtained by weighing the 
amount retained on any sieve and adding to it the 
amounts retained on all the coarser sieves. In this way 
the total amount coarser than the sieve may be found. 


Outline of Cumulative Method 


Another method which is even more satisfactory is to 
weigh the amount of material on the coarsest sieve and 
then to place the material from the next finer sieve on 
the balance pan with the coarse material and weigh the 
total. This total is the amount coarser than the second 
sieve. The material on the third sieve is then added, and 
so on until the analysis is completed. 

Chis method is called cumulative weighing and, when 
reduced to percentages, gives the cumulative per cents 
retained by the various sieves. These data may be 
plotted as a function of the sieve opening in microns, 
which usually is found on the nameplate of the sieve. 

Ihe use of many types of graph paper over a period 
of years has indicated that the most satisfactory type is 
one in which the cumulative per cents retained are 
plotted as a function of the size of the sieve in microns 
on a logarithmic or ratio scale. Most materials found in 
nature, as well as many of those which are processed, as 
in the washing and sorting of foundry sands, have their 
particles distributed over such a wide range of sizes that 
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two or three cycles along the logarithmic scal; re 
quired to make a graph of the major part 
material. 

Figure 4 shows a natural steel molding sa 
Albany sand and a silica flour plotted on a chart 
(No. 3115 or No. 3125, made by the Codex Book (yp 
This paper has 20 divisions per inch (120 diy 
along one axis, and three 3-in. cycles of ratio or |: 
mic ruling along the other axis. 


Advantages of Cumulative Method 


[he cumulative method of plotting has several ad 
vantages over the methods previously used: 

(1) It may be drawn as a smooth curve inst 
broken line. 

(2) Sieves can be used where they are necessary. Tha; 
is, sieves may be omitted from the series where on! 
small amounts of material are retained, and extra sieves 
may be added where the material is concentrated. Thes 
omissions and additions serve to eliminate useless work 
and to increase the accuracy of the analysis. 

(3) Faulty sieves are indicated by breaks in the cury, 
which appear at the same sieve in more than o1 
analysis. 

(4) The cumulative curve permits the use of certai: 
parameters as a kind of shorthand description of the six 
distribution. For instance, the point at which the curv: res 
crosses 50 per cent retained is called the median six 
and can be determined by inspection of the curve. It is 
a reliable measure of sand size and does not involv no 
any calculation. | 

An index to the sorting or distribution of the sand an 
may be obtained from the formula for Sorting Coeff “5 
cient: of tl 

So= Ve Br 

2 3 
Where Q, is the particle size at which the curve crosses 
the 25 per cent retained line, and Q, is the particle siz 
at which the curve crosses the 75 per cent retained lin ot 

(5) Exact comparisons may be made by superimpos 
ing two or more curves. 

(6) They may be used for specification testing b\ b 
having the specification limits plotted as two curves on two 
a piece of graph paper. The sand to be checked will fall 
between the two curves if it satisfies the specification 

(7) Size data for silt and clay particles may b« ob weer 
tained with the hydrometer or other methods and 
plotted on the same graph to supplement the sieve data 
This is important because the present trend is toward ie > 
the use of fine molding materials. 


DISCUSSION . 


Chairman: G. R. Garpner, Aluminum Co. of America 
land. 

Co-Chairman: K. ]. JAcosson, Griffin Wheel Co., Chis 

Memprr: Why do you go only up to about 90 pel 
tained (Fig. 3 and 4) ? “ 

Mr. Morey: Simply because these measurements ar Ml 
only down to one micron. Ten per cent of this sample w 
than one micron, in the true clay range. Actually, th 
\.F.A. 20 micron clay point is much coarser than the siz 
clay. Other organizations have gone as low as one micro! 


1 











ay points. Some of them use two microns. One o 





ind there is one that uses five. The size used by tl 


Foundrymen’s Association is much larger than that 


f those other organizations \ sample tor instance 
out two or three per cent clay, and the 20 micron 
be 15 per cent. That would indicate that we ha 

t which would be inactive as a bond b 


rm e spaces in the sand 


testing silica flour, vou refer to material of o1 


e as clay, and refer to the coarser particles is bein 
nding of silica flour, we have some one micron pat 
silica floating in the air. That actually would sho 


is actually it would be silt in vour sand, woul 


REY It depends on how we define clay It is unfe 


clay has two types of definition. One is the definition 
we define it by size only, then the fine one micron 
d be defined as clay. That is the minus one micror 

If we add to that definition the fact that it is plastic 
en the silica particles of one micron and less wou 
This test does not indicate whether it is true clay « 


rv fine silt 





That is right. It just gives us a particle size and 
find out something of the surface area of that mate 
e want to find out whether it is true clay or silica 
small size, then we have to employ petrographic anal 
inalysis 
WATSON ? We worked with this test and found with 
vs and natural sands that if you plot the percentages 
two microns against optimum strength vou can ac 
portray the bonding qualities of any material whose pal 
known. You can qualify it within one pound of com 
eth just from that one size. 
Si \ e also used this test for determining clay content in 
It ollector refuse. I would not know of any other method of 


how much clay would be present unless we had this 


lso be used in conjunction with the total carbon dete: 
wn to find out how much sea coal you might have in those 
all We also use it in testing new natural sand that we buy 
only way that a foundry can determine that each shipment 
tural sand is the same. If a pit runs out and you have 
i new source, it is the onlv way that vou could be sure 
new source of sand has the same qualities as far as clay 
silt and the grain size as you have been using. It has 
it very nicely for us. Can you determine pitch content 
OSSES sea coals? 
Mir. MOREY 


el molding sands, and it is seldom that we have occasion to 


We have not gone into that. Our work is mostly, 


ne either sea coal or pitch. We use some iron sand, but 
} ve been using a synthetic type of sand with very little sea 
Chis method cannot be used to determine 
cal clay. In natural molding sands the material minus 


F. P. GOETTMAN 


crons will be largely clay, because any fine particles of 


of that size would tend to go into solution in the geologic 


, : of the deposit. However, when you check dust collector 

ind are using facing, silica flour, etc., some particles 
e down to one micron. You cannot tell whether it is silica 
or clay by this method. These materials will show up in 
ita ilysis, So you will have a heterogeneous mixture of mate 
r t is one micron and finer. In that material, you cannot 


the This method of 


minus two micron fraction is clay 
e analysis can be used for pitch and graphite, if the 
ent is changed. Sodium metasilicate is an excellent de 
for clay. It will not deflocculate graphite. If you want 
facings and other graphite materials some other de 
ich as tannic acid must be used. For limestone, sodium 
es not give very good results—sodium pyrophosphate is 
I would like to ask Mr. Morey if he has determined 
> ml. of a normal solution of sodium silicate is the opt 
flocculent 


Morey: That electrolyte was taken from the work done 


an Brake Shoe Co., Mahwah, N.J. 
F. Pettinos, Inc., Philadelphia. 








by the Bureau of Public Roads. I have not done much experim«e 

pa vith electrolytes The sodium s cate seems to be satistact 
for most clays and most foundry sands 

Mr. GOETIMAN I mean as to quantity 

Mr. Morey As to quantity, it might be necess cha 
that in some cases If the material all settles out of suspensi 
ind vou ret cical liqu don top you are getting flocculatt ne 
vou have to start expr menting to find a deflocculent whicl 
hold the material in suspension. If vou are comparing differer 
deflocculents vou can UM dent ( il samples of the same ¢ i\ il 
that deflocculent whicl rives vou the } hest perce tage it al 
particular size, sav ten microns, is the est hat sa If one 
deflocculent ve ‘ | per ¢ d anott ive ou | m 
cent the one iving 17 we cent ould pe the most ettiect ‘ 
flocculent 

When vou put the hydrometer in the suspension, the | cles 
tend to settle on the upper shoulder of the drometer, and aft 
several readings have been taken the hvdromet« uld be. se 

runt ite nad inserted ently 1 the suspensi It 
lateria ccumulates ¢ the | lrometet Il cause 1 erro 

the readings 

MEMBER Have vou made ar tests on north Ohio sand 


or northwest Pennsylvania sand It is ver fine and silky. abou 


280 grain in size with 2.5 per cent A.F.A. clay, more or less 


Mir. Morey I have tested some sand from the Zanesville area 
VIE MBER It would be interesting because that is silky, dusty 
sand and vet there is no clay in it that is real clay It will have 


it least two per cent real clay, with little bond 
Mr. Morey 


even finer particle sizes. If we could go down to half a micré 


That is something we might have to go into 


with very long settling periods, we might pick up the last two 
per cent of that material and find that it was also silica 

R. C. WaAynN! 
separating the fine silica fraction of the sand from the true clay 


Do vou think that there sa possibility of 


fraction by means of a special flocculent? ¢ ould this separation be 
accomplished by a chemical precipitant? This seems to be a 
profitable field for further work 

Mr. Morry I never heard of any method like that for the 
separation of clay and silica particles. The work of Grimm at the 
University of Illinois is the nearest thing that I know of that has 
been done on that. He separates his samples into size fractions in 
a centrifuge, so that he can obtain the one micron to one-half 
micron material, the one-half to one-quarter, and one-quarter to 
one-tenth micron. Then he analyzes those samples by X-ray dif 
fraction and petrographic methods, and he can estimate the 
umount of true clay, the amount of silica, and the amount of any 
other materials that may be in the sand 

Mr. WAYNI That would not be of much practical use as a 
control test in the foundry 

Mr. Morey 


complicated analysis 


It is not a foundry method. It is a very extended 


Dr. H. Ries* Many people are interested in the sizing of 
grains. I am wondering, if you have silica flour of one or even 
two micron sized particles, whether this m iterial would have any 
plasticity when it is wet 

Mr. Morey 


down to a size of 40 microns or so. Then, as the grind grows finer 


In grinding silica flours, they grind very rapidly 


ind finer, it takes a tremendous amount of additional work to 
effect a reduction of just a few microns. An ordinary 200-mesh 
silica flour is plotted in Fig. 4. That one indicates about three per 
cent of material smaller than one micron. I think that is the mesh 
most of us use for silica washing, about the 200 mesh. I would 
not expect silica flour of this size to have any plasticity when wet 

MeMBeER: You speak of temperature in half degrees for your 
bath. Is it necessary to control it that closely, or are there cor 
rection tables which might be applied to this hydrometer? 

Mr. Morey There are correction tables which may be used 
It adds to the complication of the test. In fact, if you go into it 
there are four different correction factors which you pick out to 
about three or four places and multiply each of these correction 
factors by your test results. You correct for temperature, density, 
and other factors. That is in the original method that was worked 
out by the Bureau of Public Roads, published in Public Road 
Magazine Oct., 1931, Aug., 1933 and March, 1939 


* Steel Founders’ Society of America, Cle 
* Cornell University, Ithaca, N.Y 











MECHANIZED MALLEABLE FOUNDRY 
FINISHING AND INSPECTION 


D. F. Sawtelle 
Metallurgist 
Malleable Iron Fittings Co. 
Branford, Conn. 


IN THE WRITER'S MECHANIZED FOUNDRY, molds 
which have been poured, are dumped on a metal 
tray-type conveyor which takes them to a vibratory 
shakeout table. Here the castings are separated from 
the core material and most of the molding sand into 
which they were poured. 

The shakeout table can be considered a crude sprue 
removing and cleaning operation in addition to its 
main function of separating the castings from the 
molding sand, as some of the castings break off at the 
gates. All but a smali percentage of sand is removed 
at this point of the operation. 


Sprue Removal and Cleaning 


Castings are transferred from shakeout by another 
metal apron-type conveyor to two tumbling barrels 
connected with each other in series. Many of the 
larger castings are still red hot when they leave the 
shakeout. In the loading cycle, the conveyor elevates 
the castings so that they fall into the first of these 
barrels by gravity. This barrel, which is half full of 
water at approximately the boiling point, rotates 
counterclockwise for six minutes at the speed of 18 
rpm. During this time the castings are continuously 
elevated and tumbled upon each other in and out 
of hot water. 

At the end of six minutes this barrel reverses its 
direction and rotates clockwise for a period of four 
minutes. During this time the castings are ejected 
into the second barrel. While the castings are being 
ejected, the conveyor from the shakeout doubles its 
speed in order to quickly reload the first barrel. 

The second barrel, in reality a large helix to level 
out the batches to a continuous flow, rotates con- 
tinuously in a clockwise direction at a speed of 9 rpm. 


Figs. 1 and 2—Tumbling barrels and a typical casting. 


It takes in castings every four minutes from the first 
barrel and gives them a further tumbling and rinsing 
as they pass through. The castings are ejected in a 
fairly continuous flow, onto a rubber belt con 
which carries them directly to the inspection room 

Figure I is a view of these tumbling barrels. At t! 
extreme left can be seen an elevated platform and 
motor which is the end of the apron conveyor from 
the shakeout to the tumbling barrels. The casting; 
travel through the barrels from left to right. At the 
end of the right hand or second barrel can be s 
the rubber belt conveyor onto which the cleaned cast. 
ings are ejected. 

In Fig. 2, at lett, is a casting with an averag 
amount of sand still adhering to its surface, after it 
has passed over the shakeout table, but before it has 
passed through the tumbling barrels. Casting on th 
right shows the appearance after passing through the 
cleaning and spruing barrels. It may be noted that 
the sand nearly obscures the diamond shaped MII 
trademark in the casting at left, while in the casting 
on the right it is plainly visible. 


Preliminary Inspection 


In passing through these tumbling barrels, the cast- 
ings not only have had the sprue removed and have 
been cleaned well enough for inspection, but they 
have been cooled from nearly red-hot temperatures 
at which they entered the barrels, to around 120 F 
as they start their travel on the rubber belt conveyo! 
to the inspection room. As they come from the barre! 
they are still wet but become dry after traveling only 
a short distance. The castings dry without rusting 
because a rust inhibiting compound is added to the 
water in the first barrel. 
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liminary inspection is given the castings on 
veyor belt just as they come from the barrels. 
point, an inspector can detect trouble and 
to the attention of the proper foreman soon 
makes its appearance. In this way defects can 
overed and corrected in current production. 
nly 30 min. from the time the castings are 
i until they reach this point. This is a great 
ize over batch-type melting and floor molding 
where inspection takes place on the follow- 
when it often happens that the entire day’s 
of oae or more molders must be scrapped. 
the barrels, the castings and sprue travel on 

t conveyor past the cupolas where the-iron is 
Che first handling takes place at this point. 
ue is picked off the belt by 2 or 3 men, depend- 


sing ing on the volume of the day’s melt which varies 

from 50 to 75 tons, and is tossed into a bin. From 

this bin or hopper it falls into the weighing buggy 

on vhich makes up the cupola charges. The castings 

\t th main on the belt and proceed to the inspection and 
| and sortil room. 


from Figure 3 shows a view of the inspection room look- 
ing from the end at which the belt conveyor enters. 
t the The belt can be seen covered with castings at the 
right in the foreground. It is clean before 
| cast it has traveled half the length of the room. The girls 
ut the right sort the different items into the pans as 
erage they come along on the belt. Some of the larger cast- 
ter it ings are also inspected at the same time. Directly 
it has inderneath the belt and not visible in the photograph 
n the is a shelf which holds pans of work. Also, underneath 
the belt on the floor, and in back of the girls, are 
| that ins of sorted work on the floor. 
MIF [he more difficult inspection jobs and castings 
isting hich cannot be inspected as they are sorted, are 
nspected by the line of girls to the left working 
etween the roller conveyor lines. This group of 
nspectors sounds many of the castings for cracks and 
ises chipping hammers, where advisable, to save fin- 
hing operations later on the annealed castings. 


see! extreme 


they Steel Shot Cleaning 


120 F \fter inspection, the castings are weighed. The 
veyol good castings pass in pans on roller conveyors to the 
yarrel annealing pot packing station, which is located just 
only jutside the inspection room. The emptied pans, after 
isting the castings have been loaded into pots for annealing, 
o the travel back to the inspection room by roller conveyor, 

itering to the right of the belt conveyor and running 
iiong the brick wall as can be seen in Fig. 3. 

\fter annealing, the castings are given the final 
blast cleaning with steel shot in one of several types 
t machines. In these machines, the shot is impelled 
by centrifugal force onto the castings which are being 
tumbled about in a rotating barrel. The castings are 
transported from the annealing department in buckets 
uspended on an overhead monorail. These buckets 
hold all the castings contained in one stack of anneal- 
ing pots. The load is transferred into skip hoists 
wich in turn load the cleaning machines, one bucket- 

| making one load. 

J re 4 shows the skip hoists, the cleaning ma- 
ind between them a rubber belt conveyor, on 


— 














Fig. 3 (above )—View of inspection room Fig. 4 (below) 


Machines for final cleaning of castings after anneal 





which the castings are dumped after cleaning. ‘They 
travel a short distance on this belt where they are 
given a final sorting, for they become mixed to a 
slight extent when they are packed in pots for 
annealing. 

The castings are now ready for the removal of the 
gates. This is done by grinding or by shearing. The 
gates on over 60 per cent of the castings being made 
at the present time, are not ground, but removed by 
a shearing operation. Most of the grinding is done 
on double-ended stands. Each stand is equipped with 
a 10 hp motor with three changes of speeds. By use 
of these speed changes, the surface speed can be kept 
reasonably constant as the wheel wears down. A sur- 
face speed of 9,000 to 9,500 fpm can be maintained. 
The wheels as purchased are 24 in. in diameter, 3 in. 
wide, with a 12 in. center. 


Grinding and Shearing Gates 


Some of the larger castings are ground on a swing 
frame grinder using wheels of 20x 21% x 6 in. which 
also run at a surface speed of 9,000 ft. per min. Sev- 
eral portable, air-powered grinders which can be 
equipped with a wide variety of wheels shaped for 
getting into places not reached by the regular grind- 
ing wheels are also used. These air-powered grinders 
run at speeds of 6,000 to as high as 17,000 rpm, vary- 
ing with the size of wheel with which they are 
equipped. 

Figure 5 shows an operator at a machine used for 
shearing gates from the castings. This machine raises 
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and lowers a hardened steel blade a distance of 34 in. 
at a rate of 80 strokes per min. The operator places 
the casting, gate down upon the semi-circular bed and 
up against the moving blade. As the blade descends, 
the protruding gate is evenly sheared off. 

Figure 6 shows a rear view of the bed and the 
blade. The blade is made of a low-alloy tool steel of 
the following analysis: 0.90 per cent carbon, 0.50 per 
cent chromium, 1.25 per cent manganese and 0.50 pei 
cent tungsten. These blades are hardened by quench- 
ing into oil at a temperature of 1475 F. The bed is 
also faced with a steel of the same composition and 
heat treatment 

The cutting edge of these blades is ground at an 
angle of three degrees. However, they are one and a 
half degrees from the perpendicular, therefore, the 
angle or rake of the cutting edge is only one and a 
half degrees. The blades and beds are made and heat- 
treated in the machine shop. The average blade life 
is one year. When new, they are 41% in. long, and 
are discarded when they have been reduced by repeated 
sharpening to a length of 214 in. 






MALLEABLE FINISHING AND IN 


Fig. 5—Shearing machine (above) operation. Fic 7 
Close-up (left above) of shearing bed and blade. Fig 
Valve casting (left) before and after shearing 0 


Figure 7 shows two castings, at left, before the 
has been sheared off and, at right, after shearing 
between the castings are shown a few of the pie 
which are sheared off in this operation. 

The beds and blades can be changed on any 
machine in a few minutes to take castings of a difl 
ent size or shape. In many cases, it is necessary 
change only the bed. The speed of the blade can als 
be changed from 80 to 160 strokes per min., to suit 
conditions of the particular job. While Figs. 5 and ' 
show a machine set up with a bed and blad 
shearing, the same machine can be quickly fitted wit 
a punch and die. This combination is also used 
shearing the gates from some types of castings. [! 
punches and dies are made of the same steel an 
given the same heat treatment as the blades and ¢ 
steel with which the beds are faced. 

The speed with which gates are sheared is tw 
three, or even four times faster than grinding, varying 
with different jobs. Very small gates can be grouné 
nearly as fast as they can be sheared, though ev 
the small light gates require more physical effort 
grinding than in shearing. Gates are sheared off cas 
ings as large as 3 in. pipe fittings. The shearing oper 
tion on a casting of this size is four times as {ast 4 
grinding, and requires much less physical effort 

As to comparative costs, a blade, or a bed facing 
or a punch and die combination, can be made in t 
machine shop, ready to be used, in about eight ma! 
hours, and, as has been stated, the life averages abou! 
one year. In comparison a grinding wheel costs $44 
at present, and its average life is only one wee! 
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MANAGEMENT’S STAKE IN TRAINING FOREMEN 


S. G. Garry 
Caterpillar Tractor Co. 
Peoria, Ill. 


‘THE ABILITY OF ANY INDUSTRY to survive is meas- 
ured by the extent to which it produces profits, without 
which capital will be withdrawn and materials, equip- 
ment and labor can not be purchased. A_ successful 
industry must produce goods which give satisfaction. 
Superlative advertising and sales effort alone are worth- 
less—only a high-quality product efficiently produced 
will support a successful enterprise. 

A successful industrial organization must be closely 
knit, must have internal unity of purpose and must 
be guided by intelligent leadership from the topmost 
executive to the foreman and his assistants. ‘The im- 
portance of quality places the entire responsibility on 
the production division. 

In the training and education of foremen, manage- 
ment has a stake of great import to industry. It is to 
the foreman that industry looks in seeking to control 
costs upon which profit and the successful continuance 
of the enterprise depend. It is upon the foreman’s 
shoulders that the responsibility for quality and quan- 
tity efficiency rests, for it is under his direct supervision 
that the work of production is done. It is the foreman 
who must instill standards of quality workmanship into 
the habits of his men. 

Foremen are in an excellent position to help their 
men to think straight. Lack of understanding is one of 
the greatest causes of industrial controversies. A sane 
and intelligent point of view on vital questions can 
develop efficiency, satisfaction and contentment in the 
workers and thus insure a smooth, steady output. 


Cost Classification 

There are three classifications of cost in industry: 

1. Direct and indirect labor costs: 2. Direct material 
costs: 3. Overhead costs. The foreman is directly con- 
cerned in each one of these cost items. Only by training 
and educating the foreman in the factors of cost can 
management be assured of profitable production. 

Direct labor costs are wages paid to men working 
directly on production, i.e., workers who actually are 
producing, building, machining, or constructing the 
company’s product. 

Direct material costs include all costs of materials 
which eventually become part of the final product. 

The most impertant and most complicated of these 
three items, that of overhead cost and expense, breaks 
down into many classifications, most of which concern 
the foreman. 

1. Indirect labor. This includes the wages of main- 
tenance men, sweepers, truckers, inspectors, watchmen, 
shop clerks, etc. 


2. Depreciation. In many industries, depri 
depends on the nature of the equipment and ¢ 
given. 

3. Cost of light, power, heat and water. 

1. Cost of insurance. 

5. All salaries. 
As a general rule overhead expenses remain [aii 


t 


constant. But minimum overhead expense per unit o| 


product is obtained only when a plant runs conti: 
ally at capacity. Shutdowns for any reason ar 
costly, for a company is bound to lose heavily fron 
overhead when its plants do not run at capacity 


Training Foremen to Cut Overhead Expenses 

How does management train its foremen to cut ov 
head expenses? Here is the answer to management 
real stake in training foremen. 

A foreman is trained to recognize, understand 
control waste, whether in human form, or supply. H 
must: 

1. Reduce accident expense by eliminating accide 
cause. 

2. Minimize depreciation by better care of equi 
ment, tools and machinery. 

3. Economically supervise use of heat, wate: 
and power. 

4. Select capable men for positions of responsibili 

5. Reduce waste of supply. 

6. Safeguard the plant against fire, boiler and mai 
hazards. 

Foremen must be trained to: 


1. Carefully select and place men on the right jobs 
Management gains in training foremen particular! 


when it includes the lower levels of supervision Thi 
makes it possible to replace a supervisor in the even 


1 


he is elevated to a more responsible job, or leaves the 


company. In this instance, the company is in a positior 
to replace that supervisor without loss of prod uctiot 


iff 


because the incoming supervisor has already had sult 


OSS 


cient training to fill the gap with practically n 
efficiency. 

2. Plan the work in advance. 

3. Economically and efficiently lay out his cepa! 
ment for full production. 

4. Line up his equipment to promote efficienc) 

5. Break men in and instruct them proper!) 

6. Win the co-operation of the workers. 

7. Improve working conditions. 














k constantly to achieve less hazardous pro 
ethods in his department. 





ice waste and sci ap. 


Foremen Transmit Policies 
are the life line between top management 
es. It is through the foreman that the com 
ild transmit its policies and views to em 
[his same policy should work in reverse. Em 
ould have an open channel to management in 
ansmit then problems. Those in top man 
should encourage foremen to use the channel 
them as the need arises. “The foreman must 
in Opportunity to acquire a thorough unde 
ff management's viewpoints. This, in turn, 
the foreman with the necessary tools to carry 
ork according to the overall plan. 
intain a high level of efficiency in industry 
remen must be continually provided with ac 
nformation as to the manner in which the 
All ition is functioning. The problems of trans 
information from bottom to top in many in 
have not been clearly indicated. The informa 
ich flows through the supervisory structure 
an accurate representation of the problem 
| ler that management may receive a factual story 
m superfluous details, such information going 
the various levels of the supervisors should be 
it OV sorted, and only that information pertinent to the situ 
compiled and presented to the members of 
ment delegated to dispose of the problem. Only 
ful sorting can management get a clear picture 
situation. By eliminating the details, manage 
an render its decision in record time. 


Training Program 
eq \What does management have to gain by training fore 
» deal intelligently with representatives of the 
ns on matters arising in their departments? Re 
less of how well an agreement has been drawn up 
en the parties, many problems arise that cannot 
ered adequately by the agreement, or by the 


ies set up by the company. 
In order to fortify the foreman with the necessary 
lormation whereby he may deal with the problems 
ntly, management must provide a means of ob 
ning such information. It may mean that manage 
vill embark on an extensive training program, 
Dhis i series of meetings. Regardless of the road manage 
chooses, it spells training in one form or anothe1 
ever, the most popular means of imparting infor 
SItlor ition to the supervisor is through conference. 
ctl Primarily, the “conference” method of instructing 
1 sull isors in human engineering is one of indoctrina- 
SS naking them management conscious, training 
n the fundamentals and principles of good super 
guiding them in the application of these princi- 
their own problems, and following up to se¢ 
y practice what they are taught. 
ire being taught new “habits” and how to apply 
ith good results. The most successful conclusion 
onference is when the principles taught to the 
sors are made a part of the supervisors’ own 
ilities. One supervisor may apply them differ- 
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ently than anothe1 
the same, but the methods of using them will diffe: 
from supervisor to supervisor. 

The foreman is trained in the importance of main 


The principles followed must be 


taining high productivity among his men. He is trained 
to carefully plan his departmental activities, to lay out 
his work, to improve methods and to stimulate his 
men to do their best 


Does Training Pay? 

By what standard of measurement is management 
able to determine whether the program it has inaugu 
rated is paying off in dollars and cents? Many responsi 
ble people are asking themselves these same questions 
Any person responsible for training the foremen in his 
plant is deeply concerned and feels that management 
is entitled to some explanation as to whether the ex 
penditures are justified 

lo date, no satisfactory yardstick has been produced 
to determine the dollars-and-cents value of a training 
program; however, benefits may be determined by th 
following: 

1. Time required to bring new employees up to aver 
age production. 

29. Reduction in the number of man hours lost 
through unsafe practices 

3. Reduction in scrap 

!. Reduction in the number of complaints registered 
by employees 

5. Number of grievances going beyond the first step 

We all agree that the training program does produce 
results, but how are we going to prove that these results 
can be attributed to the training program? The in 
formation submitted must exclude new procedures, 
new methods and any changes in the reorganization of 
the plant. lo discount all of the above factors would 
be impossible under ordinary circumstances. Perhaps 
it will be impossible to prove to our complete satis 
faction that our reasoning Is positive. However, we can 


be sure that our calculations are partially correct 


What Has Management Gained? 

Events of the past few years have proven conclusively 
that the training of foremen has more than paid for it 
self. One cannot evaluate the returns in dollars and 
cents, but can only look at the foreman training pro 
gram from the standpoint of increased quality, efh 
ciency and morale building which cannot be properly 
evaluated. 

What are the results obtained from training supe 
visors in the conference room, and what does manage 
ment gain? The first question naturally would be 
Have the supervisors in a plant improved because of 
the conference method? Those who are directly con 
nected with the conference program feel there is a 
steady and definite improvement in supervision. First, 
they point to comments from employees which seemed 
to suggest such improvements. Second, there are the 
supervisors’ own comments and admissions on the sub 
ject. Third, management believes that the training 
program was beneficial, both from a financial and a 
morale building standpoint. 

Following are indications of the success of a training 
program for supervisors: 
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1. Employees’ comments of a specific nature. Their 
reference was to specific changes which they had noted 
in their supervisors after the supervisors had been at- 
tending conferences, in comparison to their views and 
actions on the same problems before the training pro- 
gram was inaugurated. 

2. One way of proving that a supervisors training 
program is fulfilling its purpose is to get the reaction 
directly from the supervisors themselves. On the whole, 
their reactions to the program are favorable. ‘hey are 
able to see their own practices through the eyes of the 
employees. From their discussions with other super- 
visors, they learn that their problems in many respects 
do not differ from those of any other supervisor. From 
the opinions of other supervisors on problems similar 
to their own they are able to see how other people 
handle such difficulties. In addition to offering the 
supervisor an Opportunity to meet and exchange ideas 
with fellow supervisors, it affords him an opportunity 
to build friendships which are not only beneficial in 
promoting new co-operation between departments, but 
result in many “get-togethers” outside of regular work. 
In view of the progress made by supervisors thus far, it 

is evident that management has made many gains. 


DISCUSSION 


Chairman: F. C. Cecu, Cleveland Trade School, Cleveland 

Co-Chairman: B. D. CLarrey, General Malleable Corp., Wau 

kesha, Wis. 

Member: I would like to inquire whether Mr. Garry follows 
a definite foreman training program at the Caterpillar Company? 

Mr. Garry: We have a definite program that we follow in 
our supervisory conferences. Subjects are planned a year in 
advance. In some cases we may retain subjects we had the 
previous year and inject them in our training program for the 
subsequent year. 

All training programs should be made to fit the particular 
needs of the organization that intends formulating such a pro 
gram. Pertinent pamphlets are made up by the company and 
distributed to the supervisors. We have about 750 supervisors 
who are now attending foreman conferences, and each super 
visor gets a pamphlet describing the various conferences. He 
decides which conferences he wishes to attend. There are various 
subjects to choose from such as speech, economics, job relations 
training, personality traits and conference leading. Conference 
leading is not offered until after the supervisor had many years 
of regular foreman training conferences. Only when we feel 
a need for new conference leaders do we inject that particular 
conference. Better English, practical psychology, reports of cost 
control and foundry practice are some of the subjects offered 
at the present time. You may think it odd to offer foundry 
practices in our conferences. However, there are machine shop 
supervisors who know nothing about the foundry and its prob 
lems. It becomes evident that such a conference is beneficial 
and at the same time stimulates cooperation between the two 
divisions. 

Conferences on quality control, accident control, welding, 
accounting, timestudy, heat treatment, labor legislation affecting 
supervisors are also available to the supervisor. Labor legisla 
tion is a very interesting conference. It deals with the various 
labor laws; it goes into the history of labor as far back as 1790 
up to the time of the National Labor Relations Act. It covers 
the Fair Labor Standards Act and the Public Contracts Act 
This conference also includes the six-day week and the eight- 
hour day for women. 

Mr. Crarrey: Mr. Garry mentioned the selection of foremen. 
In many shops, particularly those that have incentive plans of 
payment, it is a problem to decide on what basis a man is to 
be set up as a foreman. It is quite a job to interest a man in 
a supervisor's job because he knows that when he is on this 
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incentive basis, as he produces, so he is paid. He 
with his overtime and his extra premiums he | 
an Opportunity over the period of a year to ear 
the foreman does, even though his security of pay 
as great. How can you handle that particular | 
organization? You have all straight time at your | 
notr 

Mr. Garry: Yes, our employees are paid by t! 
do not have an incentive plan. 

Member: Many plants are beginning to think 
bonus, profit-sharing type plans for supervision 
that is your solution. Supervisors more and more 
to be brought into foremen’s bonus plans of comp 
they will share with the minor and the major exec 
on the total work of the company and the tota 

Mr. Garry: Why not pay the supervisor a reas 
and forget about the incentive plan? Incentive plans 
visors in some instances have been a source of trou! 
distribute it equally, then the supervisor who has 
job will probably be satisfied, but will the supervis 
one that is undesirable? He gets the same pay as tl 


foal 


has a desirable job. 

Mr. Fark: I do not think any forward-looking 
would ever start a supervisor on a job where he « 
over and above what the man could make as a 
worker on a premium basis. At least we do not 

Mr. Garry: During the war many companies had dif 
getting wage increases for supervisors. We had the pro 
I still feel that some supervisors have not been sold on | 
that it was a wartime measure. 

Mr. CLarFey: At the present time and in the immediat 
the foreman has been driven on one side by an organized ¢ 
of workmen and on the other side by management lookir 


production. As a result, we must pay more attention 
more consideration to the position of the foreman. Hibs | 
has changed entirely with the advent of organized labor 
recognition by the organization of collective bargaining 
shops 

[here is one other point in Mr. Garry’s talk that 
pertinent dealing with the organization meetings with the 
man. In large plants, probably this case is not as true as 
in the smaller plants, where we have a small organiz 
foremen. The foreman in few cases and the other super 


do not have that opportunity to talk with their top manag 


ment, the result being that many things that they learn 
company policy and program come to them through the « 
of the workmen whom they supervise. 

If you do not think that that happens, just talk to 
foremen or your supervisors not up in the very top brach 
and you will soon learn how they feel about it. I think w 


Mr. Garry made the statement to the effect that we shou 


discuss these things with our supervisors, it was one of the n 
important things in his talk. If you have not been follow 


the practice of holding regular meetings with your organi 


tional men and discussing with them your plans, policies 


program for the future, problems confronting production due | 


shortage of supplies such as pig iron, coke, etc., it would 
well worth while to do so. 

If you are undecided as to what value such a meeting |! 
have, if you have not done it in the past, try one or two 
I am sure that you will soon realize that we have been 


lecting a very important factor in dealing with our organizatio! 


As Mr. Garry said, the money which we invest in our 
panies is put into the hands of these men who represent 
If you are not going to equip them with all the informal 
we have, we cannot expect them to do a good job in bring 
a return on the investment which they handle. 


Mr. Garry: In our Foundry Division, in addition to ha 


foremen conferences, we have supervisory meetings once a wee} 


In these supervisory meetings they discuss various shop Pp! 
lems and, in the event they do not have shop problems 


discuss any situation or any question that may be pertine! 


Every supervisor at one time or another has a complaint 
would like to air. Perhaps, his complaint has grown to ™ 


strous proportions not because it is a serious one, bur becalls 


of the lack of an opportunity to get it out of his system 
given an opportunity to discuss their problems w fel 
supervisors all supervisors gain in the exchange of ideas 
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SPECIAL REFRACTORIES 


FOR METAL MELTING 


By William H. Henson 


Worcester, Massachusetts 


IBSTRACT 
ns of refractories and examf f rious 
The more usual types of failures, thei nptoms 
cause 5 are described The imy, ria? [ p? pe rii¢ ») 
ries are utlined, and lyf icai applicat ns ar 
some letail Highly technical a 1 sis i ti 
t f ems are not included ut a discu 


s afforded 


[HE TERM REFRACTORIES has little or no meaning 
not familiar with furnaces. Such people may 
ague idea about fire brick but few probably 


saw one. Foundrymen, on the other hand, live 


me \ 


fractories every day and know them as a neces 

» production. The operator probably gives them 
thought, so long as production moves along 

thly. However, when trouble develops, he, and in 

in his suppliers, become acutely conscious of the fact 
it refractories can present some difficult and tricky 
oblems. Quick action is required to find the cause of 
trouble and correct it. The discussions that follow 
intended to assist the man in the foundry in unde 
standing and dealing with any refractory problems he 


ne I may encounter. 

: From the industrial point of view, refractory mate 
ils are those which meet a primary requirement of 
bsence of softening by fusion at furnace temperatures. 

In addition they must invariably have those properties 
hich enable them to resist destruction under one o1 
re of the following conditions: corrosive slags, fluxes 

furnace atmospheres, abrasion, heavy loading, and 
| temperature changes. 


Classification of Refractories 
Refractories may be classified in several ways and no 
isis will serve all purposes. Simple classifications 
_— ntioned here for the purpose of illustration are (1) 
weel hemical nature and (2) by source of raw material. 
Che classification by chemical nature may be 
is follows: 
A. Acid refractories 
B. Neutral refractories 

C. Basic refractories 

| Refractories are the most common and include 








Sales Engineer, Refractories Division, Norton Company 





fireclay, silica, zircon, and mullite refractories. The 
name “mullite” includes all refractories whos« primary 
raw material is calcined kyanite, sillimanite or andalu 
site. Ihe electric furnace product of this class is de 
scribed as synthe tic mullite ; wae id retractories are so 
named because of their high silica content, the prin 


( ipal acidic oxide. 


Fireclay Refractories 

The fireclay group includes low heat duty, interme 
diate heat duty, high heat duty, super duty and high 
alumina fireclay refractories. High alumina fireclay 
refractories are those containing over 47.5 per cent 
aluminum oxide and are classified as 50 per cent, 60 
per cent, 70 per cent, and 80 per cent alumina. This 
distinguishes them from fused alumina brick which 
will normally contain from 87 to over 99 per cent alum 
inum oxide. Because of their chemical nature all of this 
group (except the 99 per cent alumina) react readily 
with basic slags and fluxes. 

Disregarding the physical properties of the various 
bricks, reaction with basic slags is approximately in 
proportion to the refractoriness and the alumina con 
tent of the brick. Generally speaking, in the case of 
fireclay brick, the higher the alumina content, the 
higher the fusion point. 

Silica bricks are next in importance to fireclay and 
make a valuable contribution to the foundry industry 
Cheir outstanding properties are high fusion point and 
high load bearing capacity which make them suitabl 
for furnace roofs. Being comparatively porous they do 
not readily withstand the action of highly fluid slags 
Consequently care and judgment must be used wher 
there is probability of slag action. Also due to their 
physical characteristics they are not suitable for peri 
odic furnaces where thermal shock may be encountered 


Neutral Refractories 

The most common neutral refractories are graphite, 
chrome ore, and alumina. They are considered neutral 
because they do not readily react chemically to form 
compounds with either silica or bases. Strictly speaking 
silicon carbide may fall within this group, although duc 
to oxidation and the type of bonds used, it behaves as 
an acid refractory in most instances. 
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fractories, graphite is probably the least 
suid silicates do not wet it and thus it will 
th them. Its use, however, is confined to 
il applications in which the process of ox! 
be controlled. 


Basic Refractories 
es of a basic chemical nature are of con 
iportance for furnace linings where basic 
ountered, as in the open hearth steel indus 
non-ferrous metallurgy. Where basic slags 
is generally desirable to use basic refrac- 
contact with them. Magnesite, chrome 
forsterite refractories, dead burned magne 
d dolomite and basic clinker in granular 
the chief basic materials. Due to their high 
f expansion and susceptibility to thermal 
iderable care must be exercised in the use of 
efractories. They are in general not suitable 
or intermittent operations. 
illy fused magnesia products and magnesia 
pinel likewise are in this group. Table | gives 
ive data on the physical properties of most 
and neutral refractories. 
Classification by source of raw material, previously 
to, may be briefly shown as follows 
{ Naturally Occurring Minerals 
l. Fireclay 
2. Silica 
Chrome 
1. Magnesite 
». Forsterite (from Olivine) 
6. Kyanite, Sillimanite and Andalusite 
7. Zircon 
[he most important materials of this group have 
) previously discussed under chemical classification. 
B. Synthetic Fused Materials 
1. Silicon Carbide 
2. Fused Alumina 
Fused Magnesia 
t. Fused Mullite 
5. Magnesia-alumina spinel 
[he differences that distinguish naturally occurring 
raw materials from raw materials made in the electric 
ices are explained in terms of crystal development 
strength of the respective granular substances 


ae r 








Fig. 1—Products of electric furnace in lump form. Left to right: Silicon carbide, 
fused alumina of 95% purity, and fused alumina of 99.5% 


Electric furnace materials have a completely devel 
oped crystal structure whereas in calcined naturally 
occurring minerals, crystal development may be lim 
ited. Calcination often has as its main purpose the 
removal of water of crystallization and reduction in 
shrinkage. In the electric furnace, minerals in their 
strongest and densest crystalline form are produced, 
and some purification may be accomplished. Because 
of their density, these materials show little or no 
shrinkage after manufacture into bonded shapes 


Failure Due to Slagging 

In general most refractory failures can be attributed 
to slagging, abrasion, fusion and spalling. 

Slag action is the result of chemical recation between 
the slag or fluxes and the refractory. This can be greatly 
influenced by the composition and viscosity of the slag, 
the density of the refractory, temperature and the chem 
ical nature of the refractory, i.e., acidic or basic. 

When slags are composed of highly reactive materials 
such as soda, potash, lime and iron oxide, slag action is 
accelerated. To get the longest life from refractories 
it should be the aim of every furnace operator to keep 
as well balanced a slag as possible. This of course is not 
always possible as the operator is often unable to pre- 
dict what type of slag will be formed in a particular 
metallurgical operation. 

Since all refractories have some degree of porosity, 
they are subject to penetration by slags. Fluid slags 
penetrate more readily than viscous slags. This action 
causes erosion, with the result that new surfaces of the 
refractory are continuously being exposed to reaction. 
In general, where temperature and chemical reaction 
are not severe, this action can be reduced by increasing 
the density of the refractory. There is, however, a limit 
to which this can be done economically. 

A progressive decrease in rate of corrosion may occur 
if reaction balance is established by the cooling effect 
of increased heat loss through the thinner wall. This 
will decrease the rate of erosion by the slag and a rela- 
tively small reduction in temperature (as little as 50 F) 
will often materially reduce the action of the slag upon 
the lining. This has led to some interesting studies on 
the effect of insulation on furnace life. 

Slagging of refractories is often aggravated by a re 
ducing atmosphere in metal melting furnaces. Ferrous 


purity. 
/ 
















Resistance furnace producing silicon carbide. 


oxide in the refractory, formed by the reduction of 
ferric oxide, accelerates the destruction of the refractory 
by slagging. Use of refractories of lower iron content 
will minimize this hazard. 

Flame impingement is another common cause of 
excessive slagging. When the flame is permitted to 
impinge directly on the refractory, where slag is present, 
the elevated temperature will accelerate chemical reac- 
tion. Care in firing any furnace will contribute to longer 
refractory life. 


Failure Due to Abrasion 

Abrasion is the wearing away of refractory surfaces 
by the scouring action of moving solids. Tests have 
indicated that high strength refractories in general 
possess the greatest abrasion resistance. The abrasion 
resistance of the refractory in service decreases with 
higher operating furnace temperatures which soften the 
refractory. 

The factors influencing abrasion are speed, pressure, 
angie of impact, and nature of the abrading fuel bed 
and charge as it moves against the furnace wall. The 
velocity and entrained solids in the flue gases are also 
important. Improper or careless use of cleaning tools 
and improper or careless charging of heavy pieces into 
the furnace must be avoided. Thickness and type of 
cement used in the joints must be watched. 


Failure Due to Fusion 


Fusion or softening is not a common type of failure 
but is one which can cause serious troubles. It is often 
the result of improper selection of refractory. It fre- 
quently comes with high localized temperature on 
piers, sidewalls and roofs due to flame impingement. 
Loading beyond the safe limits for a refractory at a 
given temperature may cause failure by plastic flow. 
This generally occurs in arches and locations where 
high stresses prevail. In structural design load test data 
for the specific refractory should be considered, and an 
ample safety factor should be allowed. 

Softening can also be caused by penetration of ma- 
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terials such as fluid slags which, by reaction, reduce ¢ 
fusion point of the refractory. This is someti: 
by reducing atmospheres, and can be avoid 
ing refractories of lower iron content o1 
density. 


Spalling 


Spalling is a word that applies to stone-lik 
tensile strength mineral substances meaning 
up into chips, chunks, or fragments.” This t 
quately describes a type of failure that may b 
tered in using refractories. It results when these brit; 
materials rupture instead of buckling, bendin 
ing, or otherwise yielding under sudden ; 
stress. The stresses that cause spalling in refractor; 
develop through one or both of the following co; 


aU 


tions: 

1. Unequal or differential thermal expansio: 
traction of a refractory. 

2. Unequal mechanical loading, or localized oye 
loading. 

In the case of spalling due to unequal thermal expa; 
sion and the resultant thermal stresses a brittle refra 
tory of low-tensile and higher-compressive strengt! 
breaks up rather than deforms under the (irresistibl 
unequal expansion or contraction following sudder 
localized heating or cooling. If one face of a body 
suddenly heated faster than another, the heated par 
expands rapidly and tries to bend or stretch from th: 
part that expands slowly or only a little. The same 
occurs during contraction on sudden unequal cooling 
When this differential expansion or contractior 
extreme, the resulting stresses will cause the refractor 
to fail just as though it had been fractured with a han 
mer and chisel. 

If the piece broken loose has been carrying a critica 
mechanical load, its absence may cause overloading 
adjacent parts and thereby cause more or less progres 
sive mechanical failure. Unfortunately, when a piece 
spalls off, it presents a new face of the refractory which 
is subjected to the same stresses developed by severe 
local heating or cooling, for example, flame imping 
ment—or—sudden introduction of a cold charg 


Thermal Expansion and Conductivity 

Consideration of two physical properties of solids 
assists in making better selection of refractories to com- 
bat and minimize thermal spalling or heat shock. These 
physical properties are thermal expansion and thermal 
conductivity. 

By using refractories having a low coefficient of thet 
mal expansion the difference in expansion and result- 
ant stresses when subject to unequal heating will © 
minimized. Fused silica for example has an extren el 
low coefficient of expansion; consequently, it can ! 
quenched in water from white heat without spalling 
or fracturing. 

By using refractories of high thermal conductivit 
local heating may be equalized quickly and the stress 
of differential expansion will be minimized. 

The refractory in a furnace may undergo a change!" 
the coefficient of thermal expansion or heat conduc 
tivity so as to cause spalling. These alterations 1n p® 
sical properties may be caused by such unfortunate ©o® 
ditions as slag penetrations, vitrification and sh inkage 
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heating or reaction with fluxes. Improper 
in contribute to these changes. When slag 





norous refractory or when fluxes or over- 
i 





vitrification (development of glassy tex- 
xposed portion of a refractory, the physical 
f the thus modified mass may be different 
of the original material which remains in 
ed part of the refractory. Differentials in 
ynductivity, and mechanical loading are 


to spalling. 


Slag Penetration 


illing occurs due to slag penetration new 
faces are presented for further penetration 
1s a vicious progression of penetration and 
rapidly destroy a refractory structure. Bar- 


ining of slagged surfaces should be done 


. due to localized overloading is one wherein 
fractory is pinched or subjected to bending 
yugh improper furnace maintenance, con- 

or design. Sometimes the rupture of the re- 

s caused by inadequate expansion joints in 

ving greatest expansion. Arches, skews, jambs, 

often exhibit this type of spalling, frequently 

proper alignment in construction and the difh- 
yading these members uniformly. 


Special Refractories 
[} rm spec ial Refractories has been selected to 
is * sionate those refractories whose basic raw materials 
a n synthesized or fused in electric furnaces. The 
Super Refractories sometimes applied to this 
f refractories, by implication, imposes an unfair 
critica irden on them. Super suggests that they are the ulti- 
refractories for all applications. Actually their 
progré se is limited to those instances where they can demon- 
a pie ‘trate an economic advantage. They cannot be recom- 
y which mended as a “cure all” for the foundryman’s refractory 
roblems 
mpit However, it has been clearly shown that these mate- 
re. ef ils extend the range of operations in many difficult 
ind have wide possibilities yet to be exploited. 
\lthough the use of these refractories has been limited, 
ire ample indications that further study and trial 
to con should prove beneficial to the foundry industry. 
These Special Refractories refers to that group whose chief 
tute! 


s 


t is one of the following electric furnace 
ts: fused alumina, silicon carbide, fused mag- 
of ther nd synthetic mullite. These are the best known 
1 resul hd more common ones. Others upon which some work 
done are fused stabilized zirconia, magnesia- 
tre! mina spinel, fused beryllium oxide and fused tho 
can be ide. Because of their present high cost and in 
lling 5 imited knowledge of their properties, it is 
if this latter group will be of immediate inter 

ctivit tin the foundry field. 


Products of the Electric Furnace 
carbide is produced in a resistance type elec- 


‘ 


ondui ice from an intimate mixture of silica sand, 
n pl KE sawdust (Fig. 2). The mixture is placed around 
g1 te core through which the electric current 


iting the charge to the reaction temperature. 








Large quantities of gas are envolved and the sawdust 
gives porosity to the mass providing an escape for the 
gasses. When a furnace run is completed, a core of sili 
con carbide remains, surrounded by a mass of uncon 
verted material. 

Fused alumina is produced in a direct arc type fur 
nace and is usually a periodic operation (Fig. 3). Bauxite 
or alumina concentrates are fused to a molten mass and 
allowed to crystallize in the furnace. Two grades of 
fused alumina are produced; one from bauxite con 
taining approximately 96 per cent alumina with small 
percentages of iron, silica and titania, and a purer grade 
containing 99.5 per cent alumina, with the balance 
consisting of soda, silica and iron. 

Fused magnesia may be prepare d from calcined mag 
nesite or sea-water magnesia. This is also prepared in 
the direct-arc type furnace by the same method em 
ployed for alumina. 

Synthetic mullite is usually produced in the same 
type of direct arc furnace, from naturally occurring 
minerals such as bauxite, diaspore clay and silica mixed 


to give the proper composition. 


Silicon Carbide Refractories 

Of the special refractory materials, silicon carbide is 
probably the most widely used in the foundry field in 
the form of bonded-and-fired bricks or shapes and re- 
tractory cements. 

Silicon carbide bricks and shapes are used for lining: 

1. Crucible melting furnaces, stationary, tilting, 
crucible and pit type. They are also used for covers for 
these furnaces. 

9 


Copper alloy melting and scrap refining furnaces, 


1g 
reverberatory, cupola and open-flame types 
8. Aluminum melting furnaces, reverberatory, cru 
cible melting or metal pot types. 

4. Combustion zone in air furnaces 

Silicon carbide refractories also find use in the 
foundry field in crucibles for non-ferrous melting, fabri 
cated muffles for large malleable annealing furnaces, 


and slag hole blocks for gray iron and malleable 
operations. 


Fig. 3—Direct arc furnace producing fused alumina or 


fused magnesia. 
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Fig. 4—Crock and cover linings for two sizes of indirect 


are furnace. 


Silicon carbide tubes for recuperators in the metal 
industry are well known. Considerable work has also 
been done on the use of internally-fired silicon-carbide 
tubes as sources of radiant heat for annealing and heat 
treating furnaces. These are intended for use in that 
temperature range which is too high for heat resistant 
alloy tubes. The results have been encouraging and at 
least one company is offering furnaces incorporating 
this design and others are considering this application. 

Silicon carbide slag hole blocks are widely used, 
especially in back-slagging cupolas. Comparatively 
speaking, where clay blocks give one hour or more of 
service, silicon carbide blocks will consistently serve 
from one 8-hr to three 10-hr shifts before replacement 
is necessary. Conditions of operation affect the life of 
silicon carbide and highly basic slags tend to shorten 
the life of the block. Since molten metal flowing through 
slag hole blocks will rapidly erode them, metal contact 
should be avoided as much as possible. 

Silicon carbide door jambs and lintels are used in 
direct arc type furnaces, in many instances supplement- 
ing the usual lining and reducing wear and spalling in 
the door area. 

Silicon Carbide Cements are used for: 

1. Rammed linings and patching in open flame fur- 
naces melting non-ferrous metals. 

2. Rammed linings and patching in all types of 
crucible melting furnaces. 

3. Patching cement in non-ferrous scrap refining fur- 
naces at the slag line. 

1. Patching cement for malleable air furnaces at the 
slag line just above the metal. 

They have a wide range of application and probably 
constitute the largest single usage of silicon carbide in 
the foundry trade. 


Silicon Carbide Grain 


Silicon carbide grain, formerly known as fire sand and 
lower in silicon carbide content than that used in 
bonded shapes or bricks and cements, was sold in large 
quantities to the foundries who created their own re- 
fractory cements by the addition of a plastic clay for 
bond. Some of these mixtures often showed outstanding 
qualities and seriously confounded the refractories en- 
gineer who tried to replace them with one of his own 
prepared cements. Silicon carbide grain is still avail- 
able for this use but is now sold under other designa- 
tions. It is of higher quality than the fire sand and com- 
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mands a higher price. During the war 
required the withdrawal of fire sand from th 
support of the industry's effort to meet tl 
creasing demand for more silicon carbide. 
Many crucibles of the so-called clay gra; 


contain appreciable quantities of silicon car ra 


as a primary ingredient and show decide 
benefits. 
Fused Alumina Refractories 
Fused alumina refractories, composed of 
mina grain, bonded into bricks or shapes wi 
able type and quantity of ceramic bond ha 


little use in foundry practice. However, wher d{ 


special applications, they have given good ser 
Large fabricated muffles for anealing casti: 
tect the work from the products of combus 
flame impingement have given excellent servic 
Solid rings as well as segmental linings hay: 
cessfully installed in gas and oil-fired crucibk 
furnaces. Segmental covers of this material] ha 
tried but usually fail due to thermal shock. 
Burner tunnels and burner blocks for melti: 
naces have been supplied in fused alumina 


Pouring spouts and tubes for precision casting of heat 


resistant alloys have also been successfully used 
In one case where high conductivity copper was b 


] 


melted in an indirect arc furnace, trouble from silic 
pick up in the melt was encountered while using 
aluminum silicate lining, necessitating the scrappir 


of a number of melts. By installing a fused alun 
brick lining, silicon pick up was eliminated and a 
siderable saving was shown, without considering 


Fig. 5—Rammed cement lining surrounding 


of avertical ring induction furnace showing poor inst 


lation. Variable thickness of layers. poor unior 


layers,and porous areas allowing metal penet 


shown. 
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' crease in lining life. This was true in spite 
" that the fused alumina lining cost twice as 
one formerly used. In this case special 

ina door jambs, lintels, and port blocks were 


led 


mina cements are a mixture of fused alu 
a suitable clay bond, selected to mature satis 
vithin the temperature range of use. In most 
f this type, it is important to keep the per- 
f bonding agent as low as practical and this 
eeds 15 per cent by weight. Most applications 
ents are in the non-ferrous field. 


% fused alumina cements have been used suc- 
n the Ajax Wyatt or vertical ring induction 
for melting yellow brass and a wide range of 
loys such as nickel silver, gilding metal, leaded 
nd bronzes and many others. 


It is also used as rammed linings and patching ce- 

the indirect arc type furnaces melting pure 

kel and nickel alloys such as the (aluminum-nickel- 

magnet metals and some heat resistant alloys. 

st of a rammed fused alumina cement roof for 

direct arc furnace, melting 1000 lb of alloy 

per heat, encouraging results were obtained. With 

asic melting practice, the best previous roof had given 

. seven heats, while the fused alumina cement roof gave 

f an average of 45 heats. When the furnace was switched 

De cid practice, a life of 250 heats was obtained. So far, 

, e best roof this foundry has found, indicating 
it further work should be done in this field. 


Successful life has been reported when melting beryl 
copper and manganese steels in high frequency 
ction furnaces lined with fused alumina cements. 





loa limited extent these cements have also been used 


mmed-in linings in various types of gas-fired cruci 





melting furnaces, especially where high tempera- 
res are consistently maintained. 







Burner tunnels and burner blocks in metal melting 





furnaces are often rammed in place on the job using 





hese cements. “They may be installed for both gas o1 





oil firing, being sufficiently refractory to withstand 
flame erosion satisfactorily. 






Fused Alumina Grain 





[he principal use of fused alumina grain in the 
loundry is for mold facings in the Durand process as de- 
scribed by J. H. Hall in patent No. 2144532. This 
grain is excess fines from the milling of fused alumina 
for abrasive purpases and is generally classified as 
settling tank fines.” Some of the larger foundries use 
several carloads a year. As described in the patent, the 
mold composition is 100 parts alumina, 13 parts hy- 
draulic setting or Portland cement and 7 parts water. 
Chis is insufficient water to completely hydrate the 
cement and Durand describes the mixture as being 
ub-hydrated.” The mixture of alumina fines and ce- 
ment is more refractory than the silica sand and Port- 
land cement mixture comprising the balance of the 
mola. It reduces metal penetration of the mold at those 
points where this is a common source of trouble. 

Some work has been done on the use of fused alumina 






















Fig. 6—Section of lining from lower left-hand side 

showing enlargement of slot from rectangular cross 

section of approx mately ; i? X ] i fo / al 5 ton 
fin. x 21 , 


fines as a core wash, and in one or two instances this 
application has been satisfactory. 


Fused Magnesia Refractories 


Crucibles of clay bonded fused magnesia are available 
for high frequency induction melting in capacities up 
to 1000 lb. They may be used for melting various fer- 
rous and non-ferrous alloys. Crucibles are seldom used 
in furnaces of over 500-lb capacity, since rammed-in 
linings have proven more practical in most cases 

Small special linings of fused magnesia containing 
very small percentages of bond have been widely used 
in small indirect arc melting furnaces for precision 
casting heat resistant alloys of the high cobalt-nickel 
type (Fig. 4). 

Larger indirect arc furnace linings of the so-called 
crock-and-cover type are available in fused magnesia 
These range in size from 13 in. diameter by 13 in. long 
up to 20 in. diameter by 32 in. long and weigh from 
50 to 1100 Ib. 


Many of the fused magnesia cements contain fused 
alumina as well as fused magnesia, together with some 
suitable bonding agent, generally a small percentage of 
plastic clay. The percentage of fused alumina may vary 
considerably but seldom runs over 40 per cent (Figs. 5 
and 6). 

Cements of this type are used for rammed linings in 
the Ajax Wyatt or vertical ring induction furnace melt 
ing cupro-nickel, various bronzes, phosphor-copper and 
in general those copper alloys of low-zinc content 


In the high frequency electric furnace, these cements 
are used for melting stainless steels, uickel-chromium 
alloys, alloy tool steel, etc. For small melts in laboratory 
furnaces, where contamination from a graphite crucible 
is of concern, a fine grained cement of this type is often 
used to line the crucible. 

In the small indirect arc type furnaces these cements 
may be used as rammed-in linings when melting heat 
resistant alloys for precision Casting. 


In any discussion of refractories for foundry use, at- 
tention should be given to zircon and mullite refrac- 
tories. Both are of considerable importance in the 
foundry field and their use has proven helpful in many 
troublesome melting problems. 
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Miscellaneous Special Refractories 

Zircon bricks and shapes have been widely used in 
linings in aluminum melting furnaces. Zircon crucibles 
have proven useful, primarily in the melting of plati- 
num and other precious metals. 

Zircon sand has found considerable use as a core wash. 
J. H. Hall has covered its use with hydraulic setting 
cement as a mold facing in the Durand process covered 
by patent No. 2169384. 

Mullite refractory linings are widely used in indirect 
arc type furnaces for the melting of practically all types 
of non-ferrous alloys, stainless steels and heat resistant 
alloys. 

For melting a wide variety of copper alloys in the 
vertical ring induction furnace mullite refractory ce- 
ments have gained considerable usage in recent years. 
They are also used in many foundries for patching and 
lining crucible melting furnaces and open flame fur- 
naces, for building up pouring spouts and for other 
miscellaneous uses. 

]. H. Hall has also covered the use of Mullite, Silli- 
manite, Kyanite, and Andalusite as a mold facing in 
the Durand process, patent No. 2169385. 

By discussion of classifications and descriptions of 
refractory materials, their successful applications, and 
some of the factors entering into failures, an approach 
has been made to the evaluation of special refractories 
in the foundry. 

Special refractories are just what the name implies. 
They are a special tool available to foundry operators 
and other furnace users for specific applications. 

Due to the complexity of refractory failures in the 
foundry, collection of empirical data from field tests is 
still one of the best means to use in approaching a prob- 
lem. An understanding of how and why failures occur, 
along with experience, will serve to analyze troubles 
and conduct tests. Few failures have a single cause. In 
most cases the cause will be a combination of factors 
woven into a complex pattern. Although failures have 
had considerable attention, the fact that much has 
been learned and that most progress has been made 
through successful application of refractories should 
not be overlooked. 

Improvement in the life of any refractory installation 
may be achieved by careful selection of the product 
best suited to the job, proper installation, adequate 
maintenance provided at the time needed, protection 
from thermal shock, attention to the firing equipment 
and care to avoid damage in charging or cleaning. 
the furnace. 

The best refractory for any specific job will not yield 
satisfactory service if it is carelessly installed or abused 


during operation. 


DISCUSSION 


Chairman: R. H. Srone, Vesuvius Crucible Co., Pittsburgh 
Co-Chairman: A. S. Kiopr, Western Foundry Co., Chicago 
C. A. Brasuares': I believe Mr. Henson’s paper on these spe- 
cial refractories is very timely. Some few years ago, these higher- 
priced refractories might have been of little interest to the 
practical foundryman. However, with the increased cost of labor 


1 Harbison- Walker Refractories Co., Pittsburgh 





SPECIAL REFRACTORIES FOR META 


for maintenance and the heavy costs of lost produ 
men are becoming more and more willing to con 
priced refractories where improved service life is 
possibility. 

The term “special refractories” frequently is . 
applying to types of refractories produced in limit 
Those in the refractories industry, however, who w 
development of the 70 per cent alumina brick and 
cally-bonded chrome-magnesite brick know that it 
many years since these two products were consid 
refractories.” As the output of a given product in 
is less and less inclination to refer to this product 
refractory.” 

CHAIRMAN STONE: Refractories have a distinct be 


problem of interesting younger men in the foundry 
because the part of the foundry considered objecti 


mostly in the hot zone, in the hot places. If t! 
refractories are brought in they should reduce the 
repair necessary, which is one of the most onerou 


foundry work. Insulation would also have the same ef 


It is the intention of the Refractories Committ 


to make the refractory field more understandable to the { 
man. If foundrymen have time to study the field of ref; 
and understand what the different kinds of refractories 
why they are applicable in certain places and not 
it will help considerably. This paper was intended 
purpose along the lines of refractories. Tabie 1 fills ; 
because you may not know what a refractory is but 
body mentions it you can turn to a table like this 
out about it. It lists all the properties and some of t! 


common applications 
MEMBER: Please elaborate on silicon pickup by 
in fireclay refractories. 


Mr. Henson: The case referred to happened to be 
one which they were working on. A small amount 
pickup by the molten copper would throw it out in 


tests 
Member: Is that in aluminum alloys? 
Mr. Henson: That is in high copper alloys 


¢ 


f 


ect 


\ppare ntlv Ww 


were getting a certain amount of reduction of silicon fron 


lining. There was enough reduction of silicon that th 


was appreciable. It was not a fireclay lining but an 
silicate of the mullite type. It happened to be a specia 


in which high conductivity copper was being melted 


silicon pickup was sufficient to throw it out on electrica 


and by changing to a fused alumina lining (92 per cent a 


they were able to eliminate this silicon pickup. 
CHAIRMAN STONE: Was it an indirect arc furnace? 
Mr. HENsOoN: Yes, it was indirect arc furnace 


J. McBroom®: I am interested in that little electri: 
lot of 


roof on the 1,000-Ib. electric furnace. There are 


with that problem. Were any special precautions used in inst 
ing the material? Was it air-setting or heat-setting mix in t! 


roof? Are there any special instructions that you would 


to pass along for installing such a thing? TI would like to fi 


out what material that was. 
Mr. Henson: It was a fused alumina cement 
precautions were used in installing it. It was a 


heat-setting 


cement. Some difficulty was experienced from the lining pee 


off, as will happen with practically all heat-setting 
under that type of service. But that difficulty has be 
come to some extent by reducing the thickness of 
The lining was simply dried out and put in place 


furnace brought up to heat. 


W. R. Jarscuxe*: What possibilities are there in the app! 
tion of a zircon refractory in an iron melting furnace? 

R. Kwnaurrt: We have been manufacturing zircon 
tories since 1930. Primarily we were looking for a market ! 
what we thought was an interesting special refract 
first zircon products were small crucibles used for the 
and alloying of platinum. We entered into the alumi 
during the war. The Navy approached the makers of | 
electric furnace for a refractory lining which wou! 
softening point considerably above that of mullite or | 
refractories which were available and which would 


2 Stainless Foundry & Engr. Co., Milwaukee 
* Whiting Corp.. Harvev, Ill 
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C. Taylor Sons Co., Cincinnati 
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imposed on the furnace in operation so they 





on zircon Basically any furnace where iron 





it at a high temperature, is no place for zircon 





\ enough we have gotten some good results In 





time one company will sell nozzles tor steel 


contain a zircon inner sleevs 


ect-arc furnace the zircon refractory is not dis 
unite or mullite. Zircon may double the life o1 
ats per lining. However, when you take into 
gher cost of zircon over mullite, there usually is 


saving in refractory cost per heat. I do not see 


las any place in your cupola or an air furnace 


HKE: Is there any refractory that has a high point 
run away from this universal flux iron oxide 


What a few years ago were super-refractories 
efractories are now common, ordinary refractories 
industry. Your solution will be a basic refractory 
ARES: Magnesia or more commonly termed magne 
refractory and is exceptionally resistant to the 

ck of iron oxide. However, we sometimes overlook 
a slag running high in alumina is very reactive 
site brick as are slags running high in silica. At 
ures, iron oxide is actually dissolved by magnesia 
sual evidence of the solution having taken place 

REHDER \ lot of air-furnace slags run between 20 

ent iron oxide They are usually fairly low in 

[he only place alumina can get in is from the brick 

\ talking about straight FeO. I do not think alumina 


but I am wondering how important the silica 


\ix. BrasHares: In this connection, it is interesting to note 

brick in their manufacture are fired on silica 

k firing of magnesia brick, they are set on a brick 

oximately 95 per cent silica. Even at high-kiln 

eratures, there is no noticeable reaction between the 

magnesia. However, if a piece falls off of the 

ck crown of the kiln, it may frequently show a 

eaction with the magnesia. The fireclay brick from 

vn has a silica content of approximately 50 per cent 
na content of about 40 per cent. 

Mr. Renper: Would not the answer be laying the walls up 

rials were above them? 

Mr. BrAsHAREs: Silica and alumina slags, or the combination 
is is usually the case, in the same slag, would be 
nsuited to magnesite brick 

ReHDER: Where would alumina come into a totally 

I rTnace 

\ik. BRASHARES: There would not be any substantial amounts 

efractories in a totally basic-lined furnace. I was 
from the standpoint of slags which would be intro 
eloped in the furnace. 

Mr. JAEsScHKE: The chemical reaction between the acid lining 

lled neutral fire clay lining would not be too good 
e at that temperature. I would think you would 
go to a totally basic lining 

Renper: In 100 per cent basic furnace, would there be 

e with roof drip? What would you think of a basic 


Mr.eKNAUFT: You would probably have to go to a basic roof 
ink the silica and alumina you would get from the 
in the roof of a duplexing furnace would be 

Mr. BrasHArRes: One consideration is the possible change in 

e with the basic bottom and side walls showing satisfac 

¥ se e. This change very probably would lead to mate 

rl gher temperatures. We have seen this in many cases 
engthening of certain weak points in the refractory 
esulted in much more severe service conditions on 

s which were previously considered of satisfactory 

Che higher temperatures would naturally lead to 
conditions for a silica roof and an increased ten 


lripping 


\ . . . 
Mr. KNAUFT: Mullite type brick have been used successfully 
tal-lined and the air furnace, in the holding furnace 
par Y in conjunction with the cupola. Certain of the 
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large steel companies tried magnesite in a big 1,000 mh mix 
and used a band of brick Chen the selection of refractory 1s 
essentially a compromise. Ihe mullite is not outstanding t& 


} 


iron oxide but mullite has a place in that project 


f the mullite 


P 
Member: Table I shows the alumina content « 
brick to be about 62 per cent Is that a true mullite brick 
Mr. KNAUFT There are ways of developing the additional 
mullite within your bond but basically that ts correct, as far as 
the acceptance of the product is concerned 


it should 


Member: If that is satisfactory in the sidewall, thet 
serve well in the bond, too, should it not? 

Mr. Knaurt: I do not think you need it, It is pretty 
expensive 

CHAIRMAN STONE: When you spoke of zirconia silicate for 
refractories, you meant zirconium silicate That is the natural 
mineral “zircon” containing 60 to 80 per cent ZrSiO, 

Mr. KNaurtT: Yes, it has some interesting properties 

CHAIRMAN Stone: When they speak of zircite, they mean the 
natural mineral oxide containing about 60 per cent ZrO» 

Member: Mr. Knauft mentioned that a certain manufacturer 
will make a nozzle with a liner or sleeve in the nozzle for steel 
ladles. What is the purpose of this liner in a nozzle 

Mr. Knaurt: This is used for reducing slag inclusions in 
high priced forging steels. It does not belong in an ordinary 
foundry The nozzle is expensive and will be used in large 
ladles where an ordinary refractory will not stand up satis 
factorily 

Member: You have in mind ladles for steel mills 

Mr. KNaurt: Yes, what they are trying to do is to cut down 
inclusions 


L. A. BEHREND! Will this liner extend into the seat of the 


nozzle 

Mr. KnaAurt: The stopper will set on the zircon which runs 
all the way through 

Mr. Beunrenpr: It runs all the way through the blow holes 

Mr. KNAurFT: It is supported with the fire clay material 
About a half inch of zircon is used 

Mr. McBroom: Is there such a thing as a good basic mix 
that could be used for roof linings? I have tried lining a roof 
once or twice with magnesite brick and it did not hold together 
at all at high temperatures. I tried ramming it with two or 
three different synthetic magnesite mixes and that was entirely 
unsuccessful. Do any of the refractory men know of a basi 
mix that would possibly hold up in a roof? I am thinking of 
a small basic electric furnace 

Mr. Knaurt: As far as I know, the first rammed roof on an 
electric furnace for melting steel, which gave outstanding results 
was installed about 18 years ago and I should think that Mr 
Henson's idea of proper grain size and a bonded fused mag 
nesia ramming mix or mullite ramming mix would answer your 
problem 

Mr. McBroom: Mullite is acid, or at least on the acid side 
of neutral 

Mr. KnaAurt: We have many mullite or sillimanite roofs on 
basic furnaces 

Mr. McBroom: If you are trying to run close slag control 
to control certain slag reactions, when the roof goes to pieces 
you have difficulties 

Mr. Knaurt: I thought you were speaking of life 

Mr. McBroom: Life would, of course, enter into it but I 
cannot find a basic roof that will hold for more than one or 
two heats. I think I have had one last up to four or five but 
that is not very economical operation 

Member: I am not a foundryman but we are taking on 
refractory installation material. You who have been talking 
about mullite and magnesia, have you tried multichrome for 
any of your jobs? A manufacturer is coming out with a refrac 
tory that is used for the very purpose you have mentioned 

4. H. THomson': We have tried magnesia in electric furnace 
roofs with very poor results. But sillimanite roofs will certainly 
give you many hours of good life, many weeks perhaps before 


you get contamination in the slag. You will probably get eco 
nomical use from it 

Mr. McBroom 
abnormally hard on roofs because of abnormal voltage that is 
available and the best life we have had has been with the 


The particular furnace I have in mind is 


* Joseph Dixon Crucible Co., Jersey City, N. J 
* Canadian Refractories, Ltd., Montreal, Que 
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mullite type, which we are using now. But we do melt them 


out rapidly so that as they do go to pieces they do bother our 


slag operations. But normally if you had the proper voltages 


available on the electric furnace the contamination of yout 
slag from a mullite roof would probably not be serious 

Mr. HENSON (author's closure Mr. Brashares’ point, regard 
ing “special refractories,” is well taken at this time Ihe term 


“special” as applied here to refractories, whose chief source of 
raw material is the electric furnace, is not intended to set them 
as some mysterious product which will eventually prove 
foundryman’s refractory problems 
that the 


cost comparatively 


apart 
to be the answer to all the 


They are special” only in the sense source of raw 


material is different, their high, their use 


limited at present and their application not extensively devel- 


oped in the foundry field They are a potential tool not widely 


used by foundrymen, though their usage is rapidly increasing 
\t present their role is supplementary to the better known and 


} 


more commonly used materials. With increased use and knowl 


edge the term mav well be dropped 


spt cial 
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Ihe interest shown in zircon 


remarks in the 
material of considerable possibilities in the metal 


uses mentioned 


of the discussion would indicate 


bevond those 

[he possibilities offered by rammed monolithi 
nace roofs has been only casually explored 
offer a fertile field for experimenting by the 


consideration 


and 
foun 
should be given to the more refra 


plastic materials as well as mullite, fused 


alumina refractory cements 


In general, lengthened life seems to be the « 


concern to the foundrymen in discussing refractor 


slag control and contamination of both slag and 


more and more important in the melting of 


4 


4 


zirconium silicat 


magne 


these “special refractories” offer a potential sourc 
these problems as well as the possibility of long 
Certainly there are many “spots” in the foundry in 


investigation and experimentation in their use we 


ample return 
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TWO WAYS TO MAKE A PROFIT 


Wally E. George 
Account Manager 


Booz. Allen and Hamilton 


Chicago 


FOLKS MAKE MONEY in business by buying 
as possible and selling at prices as high 
vill bear. Junk yard dealers blossom into 
s by this nondescript approach. It might 
dox to call it unorthodox. 
yundries seek to make profit in like fashion. 
yne that succeeds by this method, there are 
score of monuments in the forms of closed 
nd bankruptcies that one can point out. 
do not risk their capital on hit-or-miss 
0-to-1 stakes unless they are desperately seek 
ich quick. 
yn sense decrees that there must be a better 
that involves a normal risk at one-to-one 
Successful foundrymen have found it. Their 
of profits year after year attests to thei 
liscovered the winning formula 
ne Costs before You Sell. The better wavy 
ts can be stated so simply that there seems 
tch in it: Know your selling price in advance. 
st be based on known costs and those costs 
ive a margin of profit. That is all there is to it! 
easier said than done, but making profit in 
and competitive era ahead will be no easy 
He who would succeed should employ all the 
il, manual, and mental skills and ingenuity 
to his industry. He who neglects to use all the 
nd office tools available becomes an odds-on 
to fail. 
sure, some will make profit without any cost 
vhatsoever. They will operate without the 
or benefits, as you may look at it, of cost 


nting, estimating, engineering or laboratory. The 
{ thumb, when coupled with brawn, energy, and 


is made money before and will make money 
No one would deny such an operation its 
s measure of glory but its return would be 
iter if planning and cost control were mingled 
se time-honored ingredients. 
in be planned in advance. They can be met 
is done according to plan. Profits on profit 
ations can only accrue when volume absorbs 
nough of, overhead. So volume also must be 
ind the required tonnage must be sold. 
profit formula may be reduced to seven ele- 
ich of which is essential to continuing suc- 


cess. These are given as the components in Fig. lI. 


Plan for Contro Patterns must be established ton 
a given kind of system. It is necessary to gear control 
plans to an integrated program so that estimates me sh 
with the cost accounting and the accounting ties in 
with budgets for burden absorption. Volume of sales, 
in turn, must exceed the break-even point. Controls 
must measure and eguide the performance ot every 


key man your organization and their contributions 


I 


to a winning team must be acknowledged with extra 
com pr nsation 

When the whole organization works to a common 
goal, when the team moves forward along charted 
pathways, toward known horizons, with the forces of 
each activity following the forecasted plans of opera 
tion, success comes as no accident 

What Kind of a Cost System? Accountants and 
engineers often disagree with each other, and among 
themselves too, as to the best form for a system of 
cost accounting. There should be no disagreement, 
however, on the principles and the objectives. Found- 
ries, whether large or small, require a system that 
accomplishes the five points listed in Fig. 2 

One point on the form or objectives of cost account 
ing should be particularly emphasized. Unless the 
plan parallels estimating and various controls for 
expense budgets and profit comparisons, there will be 
needless duplication of effort. The obvious solution 
is to design these reporting and control functions in 
closely correlated fashion to obtain the greatest good 
at the least cost. 

The form and the complexity of a cost accounting 
plan may not fit any standard mold. The plan should 
be tailored to the needs, size, classes of work and to 
the understanding of key executives in each foundry. 
Ihe latter stipulation is not a casual afterthought. 
\ plan not understood is not used and a plan not 
used is worthless. 

A Case Study in Costs. A little over a year ago a 
leading foundry came to this realization, to quote 
the words of its vice president and general manager: 
“Our estimating system for jobs brought to us by our 
sales department, we think, is quite outmoded. Like- 
wise, Our present cost system is in need of rather 
complete revamping.” 

This foundry’s original line of products had 
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Figure I 
EssENTIAL COMPONENTS OF THE PROFIT 
FORMULA 
1. Have the know-how and the necessary equipment 
Supply and apply the requisite energy and skill. 
3. Estimate the shop cost by foreseeing how you will 
do the job 
1. Use a cost svstem to tell vou if vou are meeting the 
estimated cost 
5. Develop a budget plan to project the total cost of any 
stated level of volume 
6. Employ a sales force that sells enough work to absorb 
the overhead, at a price that affords a profit 
7. Reward all who serve vou in direct ratio to their 
coordinated accomplishments as a team 
Figure 2 





8. 


I. 


Il. 


Ill. 


IV. 


burdens. 
To provide a sound basis for estimating normal 
product costs for sales quotations. 

4. To afford a practical means of profit control by 
providing daily and monthly cost comparisons between 
the estimates and the actual costs on any or all pattern 
numbers. 

5. To serve 
plan which projects and controls costs at all levels of 
operation. 


OBJECTIVES OF A FouNpRY CosT ACCOUNTING 


PLAN 


To record the cost of manufacturing in a manner 
adequate for the preparation of the financial statements. 

2. To establish a list of cost accounts which renders 
(1) an accurate segregation of direct costs to product lines 
and pattern numbers and, (2) classifications of indirect 
costs arranged for ready distribution as overheads and 


as basis for maintaining a variable budget 





Figure 3 
STANDARD CHART OF ACCOUNTS 
(Condensed) 
Direct LABOR 
Account No. Name and Explanation 
100 All direct labor. 
INDIRECT LABOR 
2 All indirect labor not otherwise coded. 
201-8 Charging labor; metal control; tap, line, 
and slag. 
2 Supervisory and clerical. 
205-9 Miscellaneous other indirect 
210 Overtime and shift differentials. 
OPERATING SUPPLIES 
300 Lining material. 
301-11 Various molding, core, and cleaning items. 
312-18 General department supplies. 
319 Miscellaneous svores. 
OPERATING EXPENSES 
400-3 Power; light; water; heat. 
404-11 Various repairs accounts. 
412-13 Compensation Insurance and Social Secur- 
ity. 
414-30 Miscellaneous other expenses. 
431-3 Group, hospital, and fire insurance. 
434 Depreciation—general plant. 
435 Taxes—general plant. 
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changed. Gradually the business of making . 
pipe had swung into a broad line of chemica i 
thence into castings for the automotive, agrici|tyr, 
and electrical fields. The cost system that once hag 
provided a satisfactory basis for costing pipe and Gr. 
tings was totally inadequate to the estima 
costing of the postwar lines. 
A short engineering study revealed the 


of the foundry’s old plan. Cleaning room costs ang 
much of the core costs were spread on a tonnage bas 

the costs for alloys and special operations were difficy| 
to allocate. Specific profits were more of a conjectur 


than a known fact. 

The late O.P.A. had frozen an estimating formyl, 
that followed a restricted pattern and produced irra 
tional results. By oversimplified additions in the es 
mating system for tonnage costs, for burden absorptio: 
and for gross profit, the direct labor basis of the est 
mate had become a very small part of the selling price 
Three high production jobs were tested to develop 
this point and the ratio of the selling prices to the 
direct labor portion of the estimates were found « 
be, respectively, 9 to 1, 13 to 1, and 35 to 1. 

These figures merely verified the general manager’: 
contentions. A new cost accounting plan was indi 
cated, to be tailored to the foundry’s need. With ir 
a better estimating plan, designed to put selling prices 
where they belonged as soon as suspension of wartime 
regulations would permit, was required. 

The new accounting plan was drawn up to meet 
the five basic objectives. It was tested and revised over 
a period of two months before its acceptance in fina 
form. In parallel with it, a new estimating plan was 
outlined and forms designed for estimate preparatior 
An engineering report at the conclusion of the instal 
lation work recorded all the plans and _ procedures 

Explanation of the Accounting Plan. In a chapter 
of this report entitled, “Basic Outline of Cost Account. 
ing Plan,” the explanations read as follows: 

“Cost accounting is the system of putting costs 
where they belong so that a true picture of unit costs 
may be built up for management. By the very manne! 
in which costs are reported, segregated, and distrib- 
uted, a cost accounting plan must be tailored to fit 
the situation at hand if management is to get the 
proper and desired portrayal of its unit costs. 

“An understanding is essential, therefore, of the 
component parts that go to make up a unit cost before 
management can determine the correct alignment and 
application of its cost accounts. Direct costs must be 
reported accurately and charged directly to the unit 
of manufacture. All other costs must be distributed 
under the accounting plan so that each unit is prop 
erly charged with its just shares of the several classes 
of overheads and burdens. 

“A cost accounting plan, in short, becomes a system 
of collecting costs into accounts and applying thos 
costs to the unit of manufacture by clearly define 
methods and formulas.” 

The outline of the company’s new plan of cost 
accounting included the following topics: | 

1. Definitions of departmental costs, with clear! 
drawn distinctions between the productive, the servic 
and the general departments. 

2. A numerical coding for identification and desig 
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card form designed to show direct charges 


§ the various cost accounts and classifications. 
Delineation of direct labor classifications. 
Explanation of the compilation and distribution 

elted metals costs, along with alloys. 
[he story of the treatment of scrap losses in the 
of manufacture. 

Standard Operating Procedures. A condensed stand- 
ard chart of accounts (Fig. 3) indicates the pattern 
f accounting along with the coding numbers set up. 

[he numerical coding system employed prefix 
digits to designate the department or cost cente! 
wherein the cost was incurred. The code number 

fixes identify and classify the type of expense. 

[he Procedures chapter of the report detailed the 
steps to be followed in the distributions of direct 
labor costs, departmental labor, stores charges, cost of 
melt, and departmental burdens. Outlined also were 

e preparation of monthly cost-of-production reports, 
product costs, monthly operating statements, and the 
treatment of work in process. 

Compilation of Pattern or Symbol Costs. The di- 
rect costs were to be segregated or recorded by indi- 
vidual pattern numbers. To serve this purpose a cost 
card was drawn up, as may be seen in Fig. 4. The 
individual card is identified by the pattern number 
and provides basic information as to pieces run (total 
and good), direct labor, and alloy costs. Printed on 
both sides, this cost card has lines for recording 30 
days of operations. For steady production jobs it 
becomes a monthly cost card. For short runs it is 
sed for a job cost card. 


Labor and Material Cost 


[he card has spaces for all regular direct labor 
accounts and for the alloys, plus three extra columns 
‘or special direct charges of any sort. Item costs for 
lay are posted and per-piece costs are computed 
aily and extended for the half-month and the month. 
\t the top of each column is a space for the estimate 
igure so that the actual and the estimated item costs 
may be compared at a glance. 

Chis card provides a concise and permanent record 

all direct costs on every pattern number. It is 
readily available for use in completing the whole cost 

‘facture for any job, for cost control work, 

and for re-pricing. The total cost, in comparison with 
‘stimate, may be regularly computed on such 
‘peciic jobs as the general manager may designate. 
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Plan for Estimating. With the new cost system 
installed and working, the third objective could then 
be achieved, that of providing sound estimates of costs 
for sales quotations. To make the fullest use of the 
accounting system, there must be a proper integra- 
tion of accounting, estimating, and pricing. It is essen- 
tial, therefore, that the estimating of a job and the 
subsequent accounting of costs be carried out in close 
parallel to each other. 

The best estimate is one that reflects, in advance of 
quotation and sale, the best possible cost that can 
and will be attained when the order goes into the 
foundry. Direct costs on labor, iron, and alloys must 
be projected accurately, and without padding, to start 
the estimate on a proper basis. 

The application of departmental overheads, tonnage 
costs, and plant burden must be on a normal-volume 
basis. The normal-volume values may not reflect the 
level of current overheads and burdens, for the latter 
costs naturally stand as functions of the immediate 
peak-or-valley condition of the foundry’s operations. 

Figure 5 shows the Production Estimate Summary 
sheet. On this sheet the direct labor values are entered 
first, productive department overheads are applied 
percentage-wise, per ton costs are added at normal 
volume levels, and iron and alloy costs are calculated 
on a yield basis. All plant burdens are included, at 
normal rates per ton, and finally the estimate for 
scrap losses is included. This sheet goes from the 
manufacturing to the sales department where the 
values for selling and administrative expenses and 
for profit are added. 

This type of estimate summary sheet can be used 
to compile monthly or job cost comparisons if no 
other form is provided for that purpose. The five 
open columns afford room for the original estimate, 


Fig. 5—Form drawn for production estimate summary. 
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for monthly or job cost comparisons, and for estimate 
revisions when they are required. 

Budgetary Control Plan. Essential to the day-to- 
day and month-to-month control of costs and profits 
is a system of variable budgets. These must be so 
developed that they can be adjusted to compensate 
for changing classes of work and for the fluctuations 
in volume. Such budgets tell management in advance 
what costs should be for varying conditions of opera- 
tions and enable the manufacturing head to measure 
equitably the cost control performance of his entire 
organization. 

Variable budgets require an accurate unit of volume 
by which to measure the activity or work load of the 
different departments and plants. A satisfactory unit 
is the time-studied or standard hour of direct labor. 

For the foundry without benefit of time-studied 
standards, either the estimated dollar of direct labor 
or the ton of castings may be the unit. However, it 
must be remembered that a ton of flywheels is far 
different from a ton of cylinder blocks. ‘Therefore, 
when a ton is the basic unit, budgets may be adjusted 
by the use of a class-of-work factor. 

A practical combination for any foundry to use for 
the control of time and expense is the comparison of 
total actual direct labor with the sum of the esti- 
mated or standard values. These should be linked 


with budgeted cost ratios to establish good perform- 
ance expectancies for departmental indirect labor, 
supplies, and expense. 

These projected ratios become, at normal volume, 
a part of the estimating formula, as has been pre- 


viously mentioned. For control purposes, how 
the periodic comparisons must be made to the ac! 
volume level instead of the normal. 

All items of plant-wide costs and burdens a1 
susceptible to budgeting as are the costs of the pri 
pal producing departments. Circumstances dict 
that some costs are fixed and others, such as sala 
and research, are essentially controlled by top mana 
ment. But they may be determined in advance and 
accurately budgeted to any volume. 

The total dollars of sales may be broken down 
budgeted into items of plant cost, selling and admii 
trative expense, and profit or loss. Profit or loss i 
the right term, because the variable budget may 
readily project the expected costs below the breal 
even point for volume as above it. 

In fact, detailed expense budgets should be estal 
lished to cover the entire area between 30 or 40 pe! 
cent of capacity and 100 per cent or full capacity 
If it develops that a profit can be made in the ran 
between 40 and 50 per cent, it indicates that found” 
costs are well under control. 

Examples of the break-even or profit charts may 
exhibited in two ways. Figure 6 is on a cost-per-to! 
basis and shows the total cost curve dropping from 
a peak cost value for low volume to cross the averag 
selling price line at a break-even point of 50 per cent 
and on to a satisfactory profit in the higher ranges 
of production activity. 

Figure 7 utilizes the profit-graph method of di 
playing projected profits. It shows the total dollars 0 
sales finally catching up, as volume increases, with the 
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irs of cost at the 50 per cent mark. The 
ion in black depicts the profit area. 
idgets for Supervisory Bonuses. ‘The canny 
bert Burns, must have had budgets in mind 
wrote, ““IThe best laid schemes o’ mice and 
o aft a-gley.”’ 
ts serve better as an incentive base than as 
Of themselves, they are not self-restricting. 
rve as a guide but not as a panacea. But 
uupled with a pay-off plan that rewards the 
rs for meritorious control performances, by 
the greater-than-budgeted profits, budgets have 
tter chance of success and far less possibility 


aft a-gley.’ 
funds should be provided by setting aside 
to 50 per cent of the extra profits realized 
lective attainment of cost reductions beyond 
ted cost levels. Budgets to be used thus must 
lly set and must first provide a satisfactory 
tantial profit at normal volume. Further, 
st be projected down through a break-even 
volume level where breaking even would 
nct accomplishment. 
contemplated bonus is only for the plant 
rs and the office heads who serve them, the 
st budgets may be separated from the overall 
budget. Profits in this way need not be dis- 
th the shop. Instead, the supervisors may 
expected cost for any level and class-of-work 


ition and they collect their due share when 


actual costs are lower than the budgets. 
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wide or in a combination plan which embraces both 
Budgeting must always be done by separate accounts 
and all expense accountability must coincide with 
control responsibility. Be wary, though, of a straight 
pay off plan for each separate department leam 
work is a magic ingredient in the profit formula. If 
bonus plans are carelessly handled, the melting, the 
core, and the molding departments may make great 
showings while the cleaning room becomes burdened 
with castings impossible to finish satisfactorily 

Control of Defective Castings. In the matter of 
defective castings, the bonus plan must penalize and 
reward for the showing in the scrap record. Scrap 
losses may be budgeted as readily as they can be segre 
gated as to causes and to department inefficiencies 
Daily scrap reports, segregation analyses, and compar! 
sons to scrap bogies, are important steps in licking the 
scrap losses. Every reduction in scrap is pure gain. 

The scrap costs in a plant may well be so great 
that a full-time man of assistant superintendent sta 
ture can be profitably assigned to the problem. His 
day-to-day efforts conceivably can take 30 to 60 per 
cent off the cost of defectives if he is the right sort 
and gets the right backing. Before rejecting this idea, 
a check to see what scrap losses really cost in total for 
1946 should be made 

Che problems of making good castings at the right 
cost and selling them for a profit will always be with 
the castings industry. Cost control is never done, but 
with all the simple and tested tools of control at work, 
management may rest assured that there is a fa 
ereater chance of making profit 


Profit-Graph 
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Costs, Sales and 
Profits 
Figure 7 





PER MONTY 











410 


DISCUSSION 


Chairman: R. L. Lee, Grede Foundries, Inc., Milwaukee 
Co-Chairman: G. TispaALe, Zenith Foundry Co., Milwaukee 


Member: In Fig. 5 there are some extra columns labeled 

Revised Estimates Does at least the first column after the 
original estimate represent the actual cost as a check against 
the estimate, or are those columns all just estimates and revised 
estimates? 

Mr. Georcre: Figure 5 has various uses. You can use it for 
monthly comparison for the next four months, or you can draw 
up a similar sheet that will give you 12 months, so that every 
month you can look at every item across your sheet. And along 
side of that estimate or standard, you can have every actual 
cost, and can see how you come out. If you want to use that 
sheet for estimating only, there are columns for five estimates 
Your second estimate, instead of being guesswork, can be pre 
dicted on known costs. 

Member: What part is estimated on a tonnage basis: 

Mr. Georce: That again depends on your business and what 
you put into your burden. One large company I know puts 
depreciation back to the department. Another large company, 
equally successful, puts it into this plant burden. I have not 
attempted to define just what we put into that plant burden, 
but, you have to use care in spreading burden against any class 
of work. 

Let me give you an illustration. We had different classes of 
work. We had our old line of cylinder heads and cylinder 
blocks, where we did not need all the controls in metallurgy 
that we needed in high alloy steels. It was not fair to load that 
old line business with the same burden we loaded the new steel 
business. We did not use the same overhead. We used the 
same estimating sheet, but in that particular plant we had 
four different overheads for four different classes of work. But 
we predicted that at the start of the year, that we expected 
to get so many tons of each kind. When we estimated on steel 
castings or the like, they had to carry a lot more of the over- 
head than the old line because in the old line we were com- 
peting with foundries that did not have the controls we had 
put in ostensibly for our other lines. 

A. E. Hacesoreck:5 Foundrymen are more cost minded today 
than they ever were. I have been in this cost work for 25 years, 
being chairman of this American Foundrymen’s Association com- 
mittee many years ago. It seems that during the last 18 months 
the foundryman finally has realized that he must know his costs. 
He is interested in costs today while ten years ago he was 
indifferent, saying: “If we knew what our castings cost, we 
could not sell castings because they cost too much.” 

Mr. Georce: Is not that why a lot of foundries went bank- 
rupt then? 

Mr. HAGEBOECK: It is a matter of record that no foundry that 
had good cost records, cost control, and used this information 
intelligently has ever gone into bankruptcy. On the other hand, 
we have many jobbing gray iron foundries, who do know their 
costs, who do have cost control, and who have very successful 
operations. This type of foundry improves their facilities so as 
to meet the exacting requirements of modern-day specifications 
and, incidently, are improving their working conditions to prove 
the A.F.A. slogan, “The foundry is a good place to work.” 

Mr. Greorce: The thought that impressed me was that you 
get your cost accounting above the table, out in the open and 
use it. The cost accountant that figures his costs down to the 
penny is deeply concerned because he is ten cents or ten dollars 
out of balance and then locks the books in the safe is not 
rendering any service to the foundry whatsoever. He may be 
rendering a service to the Income Tax Division of the Treasury 
Department; but if you are going to keep cost figures, keep 
them in the open and tell the men what their costs are. Show 
them the costs, because the minute you throw some light on 
costs that are bad, they are going to improve. 

MeMBeER: You are absolutely right in connection with the 
necessity for control of spoilage or scrap. However, the applica 
tion of that loss on individual castings sometimes can be quite 
a problem. 

In connection with the manufacture of cores, how do you 
determine what the scrap loss is on the cores, particularly when 
they manufacture a core and then there may be greater or less 
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time interval according to the scheduling of the 


core at the time of the pouring of the metal? Som: 
disappears. How do you get the loss? 
Mr. Georce: If you were really keeping purchasing 
probably would put it under core material. You p 
of core material against every job, so whether yo 
or not it was already charged in. 
Another way is to add five per cent—if five per « 
the amount of cores you scrap over the months 
years—to deliberately boost all your expected cor 
per cent to make sure that each estimate carries the 
cost it should carry. Because in the long run, you ai 
be scrapping, you might Say, five per cent of your « 
may find, if you check back, that you are scrapping 
cent or three per cent. 
MemMBer: Five per cent is very low 
Mr. Georce: I am thinking of one high produ 
where five was enough. But if it has to be ten, mak 
CHAIRMAN Lee: Make it 20. 
Mr. GeorGe: But put it where it belongs from your 
and add it to every job. Otherwise, you better go to co 
core material used in each job separately, and then it 
matically put there. 
MemeerR: In our case, every dollar of direct labor ex 
on any customer's account is charged to that customer. Al! the 
time we spend on making that core is charged to him. At the 
end of the month, sometimes we ship those castings out, he gets 
credit. Our cost is actual cost. We add around 20 per 
our estimates to make sure they cover everything 
Mr. Georce: Do you actually let them run 20 per cent, or 
do you take steps to reduce it below 20 per cent? That is 
real purpose of cost control, so you know you have a higher 
cost and do something about it. That is what you want a « 
system for, because if there is a 20 per cent throwaway, \ 
try to find some way to save part of that 20 per cent, if 


can. 

Co-CHAIRMAN TISDALE: On estimating burdens, what do 
consider normal? 

Mr. GeorGe: There you get into a normal activity. In orde: 
to stay in business, that has to be somewhere above the break 
even point. As these Figs. were drawn, they included selling 
and so forth, breaking even at 50. If it can be less than 5 
you ought to be in a highly profitable position and glad of it 
Normal is not too well understood a word, but, nevertheless 
it represents a volume of business at which you want to pric¢ 
your work. You want to have a reserve, so that when you s¢ 
at full capacity, you are over-absorbing the burden or the over 
head of your company. When you sell at normal, you 
absorbing it all and your profit is exactly what you expect 
to be, providing you meet the direct costs you expect to hav 
But when you sell at less than that, you realize that you a! 
under-absorbing. You are not carrying all your burden into 
cost. 

I was in a foundry once that in one year had had the largest 
volume they ever had. The burden was $17 a ton. The next 
year they saw themselves getting into low volume, and they 
raised the burden for estimating to the actual cost of $24 a to! 
and volume kept going lower and lower because they were 
pricing themselves out of the market. They ended up selling 
33 per cent of the previous year. If they had carried the san 
burden or the proper burden on all goods, instead of selling 
33 per cent of capacity they might have sold at 45 or 55 pe! 
cent. In other words, they might have broken even. Instead 
of that, they sustained quite a loss for that given year 1 it 
was largely the fault of the accounting plan, for determining 
costs and selling prices. 

J. E. SATTERLEE:!1 What are normal overhead rates 
room and cleaning room? 

Mr. Georce: I think everybody in the room could 
and give a different answer. For instance, I would no! 
whether you have a core blower. The minute you put 
blower, you boost direct maintenance. 

CHAIRMAN Lee: The important point is that you boos 
percentage of indirect labor in relation to the direct lab 

MemsBer: You do not know how much burden you 
the core department. You cannot answer it. 

Mr. Georce: If you got answers from different ones 
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swers anywhere from 50 per cent to 500 

would be right for his particular case 

LE! Frankly, vou might just as well ask what 
proper price per pound to charge for castings 
How would you go about determining, for esti 
the direct labor cost of repair welding 
There again you better go back to vour own 
see what per cent of your work you are welding 
he worse your castings are, the higher your num 

is, that you would like to salvage It you hi a 


ecord, you are accomplishing it bv welding or by 


5 
castings in the first place. But you must go back 
experience and see the total welding cost for a 

f work. If it is, say, $2,000 and you have 1,000 tons 
1e up with a $2.00 cost per ton for welding in that 
k, and that is about your current average. Whateve1 
is, do not use $2 per ton if that happens to be it 
mn. It might have to be $3 or $4 next vear, or it 
to be $1; but keep it within the realm of your 
nd watch it and you can determine your own 
way 
Lee: In one of our plants, we have a welding sal 
and whenever repair welding is done on a casting, 
hat account with all those expenses and credit it 
ing price of the salvaged castings, and you can easily 
time whether you are making a profit. If you want 
t to individual castings, you can do that. Or if you 
in overall basis, if it shows a credit, all right. If it 
n you had better start making castings that do not 
x: Could you tell me what your experience has been 
tage of scrap encountered in accounting systems from 
ind steel melted in electric furnaces? 
Grorce: That question would be like answering your 
Frankly, I am no foundryman. I gravitated into 
work when I was 32. I had several years of it, and 
of it now. In that time, I saw scrap records vary 
17 per cent. I can think of those two figures. That 
tell you anything when you have such a large variation 
steel foundry castings vary widely. It all goes back to 
are making. If you are making wheels or something 
you may have a lower scrap loss, and if you are making 
core work or something liable to cause scrap, I am not 
of a foundryman to give you an answer on that. But 
his own experience should compare with a competitor 
milar situation and not be satisfied with anything but 
west you can get it down to. I think you can reduce your 
oss in any plant by having daily scrap meetings, daily 
reports, assigned causes, and so on. If you expect to run 
block with a three per cent molding loss, watch the 
int every day, whether you are running three per cent 
end of the day or not. The more you watch it, the better 
| find it. To do a good watching job, you need a full 
ynest man whom the foreman and the metallurgist re 
get at the seat of the trouble, not to place the blame 
liminate the cause. 
HAGEBOECK: Scrap in 27 foundries in one of our groups 
m 0.67 to 14.6 per cent, averaging 8.6 per cent 
er: Is that by weight or by number of pieces? 


HAGEBOECK: That is by weight. The total good castings 


pounds of scrap castings added together is 100 per cent 
divided into the pounds of scrap. 
Viponp:3 What would you consider a normal amount 
nistrative and selling expense in job foundries? 
GreorceE: I would not consider anything normal. I have 
me companies that tried to farm out their selling at 
cent commission basis. They were not successful 
ey have tried it at 10 per cent. I knew one large 
that operated at a surprisingly small selling expense 
he work came to them. They did not have to go after 
a normal, vou have to define the kind of work you 
about, size of business, the location, who vour cus 
whether you are jobbing or production, whether 
reputation or if you are trying to build up a reputa 
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n I think everv one ol < 


R. FICKENWORTH:4* We make 


Ihe cleaning room is 
when it 

i four-ton Ca 

many groups would yo 

into? It is not fair to 

you have any suggestions 

room costs down where you 

Co-CHAIRMAN TISDALE: You kee} 

irge basis or part of you urden 

CHAIRMAN Lee: From the tenor of vour c ersal 
it would be at least thirty to forty. | am honest 
because you will have an extremely wide variatio el 
your four-ounce casting and the heavy one. If vy 
your shop, you will find that at least 50 to 60 per cent of your 
work will run in probably 30 to 40 classifications. If you estab 
lish pound costs on that basis, it would not be perfect, but it 
would be bette 

Mr. FickeENwortH: One to five pounds, five to ten pounds 
and so on 

CHAIRMAN Lee: No, I would start it with four ounces 

Mr. FickKENwWorTH: Anything under a pound 

CHAIRMAN Lee: Start at four ounces to one pound, one pound 
to two pounds, and then begin to make larger weight intervals 
Make it half pound, pound, two pounds, five pounds, ten 
pounds, about 20 or 25, then 50 to 100, 100 to 250, 250 to 750, 
and make the intervals wider, because your variations as your 
weight increases will be less than with the light castings 

Mr. FickeNwortH: Then consider the direct labor, as the 
grinding, tumbling, and sand blasting, and then the rest, al 
indirect labor? 

CHAIRMAN Lee: If you are paying day work, all the way 
through, I do not see how you can distinguish, unless you keep 
time on the different jobs 

Mr. FicKENWorRTH: This is jobbing with all types of jobs. Do 
you think it would be better on piece-work basis? 

CHAIRMAN Lee: Certainly. If you get on piece work, then you 
apply the majority of your cleaning costs on a direct basis, and 
then establish an overhead burden for that. But you are entirely 
on a day-work basis. The first thing I would advise you to do 
would be to get on a direct piece-work basis for as many of the 
operations in the cleaning room as you can, Then apply your 
direct labor on a direct basis and the rest of your labor and 
expenses and so on as a percentage of the direct labor 

Mr. FickKENWorRTH: Have you had any experience in classify 
ing your cleaning costs into squeezer, rollover, and floor work 
and figuring a cleaning room cost per pound on each group? 

CHAIRMAN Lee: You have a wide variation in the work, and 
I do not think a distinction on the basis of molding equipment 
would help you very much. I do not see how it could. It must 
be on the basis of plain, intricate, or medium castings, and 
then go on the basis of your different weights 

Mr. Hacesorck: Chairman Lee has given you the real answer 
to cleaning room costs. The best method is to obtain direct 
costs for grinding, shipping, sandblasting, any work that can be 
charged direct. All other items of cost in the cleaning depart 
ment are to be calculated as a percentage of the direct cleaning 
labor 

Most foundries, however, find it impractical to attempt to 
gather all of these direct cleaning costs, and, as a result, we 
offer three alternate methods 

First determine the average cost per pound for total cleaning 
room costs and apply this on a pound basis. Second, determine 
the total cleaning room cost on a percentage basis against the 
molding direct labor The third method was first suggested by 
Ralph Lee, which, in our judgment, is by far the best procedure 
Under this method, the total cleaning room cost is determined 
on a percentage basis against the combined mold direct and 
core direct labor, and this percentage figure is used against the 
mold direct and core direct on any given job. We all agre« 
that where possible direct cleaning labor should be determined 
plus a cleaning room overhead. Where this is not possible, then 
we recommend the cleaning room total cost against the com 
bined mold and core labor 
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SEGREGATION 


IN SMALL STEEL CASTINGS 


By H. F. Bishop and K. E. Fritz’ 


{1BSTRACT 
Pronounced sevcregation f carbon, and to @ minur degree the 


; ’ , } J j 
er a nying eleme? has beer yund in small steel castings 


liacent to the riser contacts 7 his se gregation is indi ative of 
tential shrinkage and occurs when restricted riser contacts are 
ised. I unples of segregated zones are shown tn u hich the carbon 

] i 10¢ § reat as the carbon content of the 


) 


It is concluded that in castings where such segregation occurs 


the riser contact consists of solid low carbon dendrites surrounded 


, , 
quid high carbon metal during the latter stages of solidifica 
, ’ , , 
To supply the last feed metal required by the casting, the 
interdendritic material is drawn into the casting to form the 


secregated zone 


SEGREGATION IN CAST STEEL is usually associated 
with massive sections such as are found in large ingots. 
It has been found however that severe segregation of 
carbon, and to a lesser extent of the other alloying 
elements can, under certain conditions, occur in cast- 
ings weighing but a few pounds. This type of segrega- 
tion obviously arises from different conditions than the 
segregation in ingots. 
spots encountered in the machining operation. It can 
be the cause of localized quench cracks or weld cracks 
which occur unexpectedly, and it can be the cause of 
cracking during flame cutting operations in carbon 
and low alloy steels which normally would not crack. 


Segregation in steel castings can be the cause of hard 


Molding and Casting Procedures 


The castings described in this report were poured 
into air dried molds. A high frequency induction 
furnace was used for melting and the charges consisted 
of foundry returns. Additions of ferrosilicon and 
ferromanganese were made to the furnace and, when 
necessary, high carbon pig iron was added to raise the 
carbon content of the heat. Final deoxidation was ac- 
complished by adding 0.10 per cent of aluminum to the 
ladle. ‘The castings were poured at temperatures within 
the range of 2900 F to 3000 F. 


*Published with permission of the U.S. Navy Department without 
endorsement of statements or opinions of the writers. Mr. Bishop 
is on the staff of the U. S. Naval Research Laboratory of the Office 
of Naval Research, Washington, D. C., and Mr. Fritz was formerly 
on the same staff and now metallurgist, Bucyrus-Erie Co., South 
Milwaukee, Wis. 


Experimental Work 


Segregated zones in small steel castings and a c! 
to their formation were found accidentally in expe 
ments with graphite rods in blind risers, the use of 
which is described by Vosberg and Larson.’ Briefh 
Vosberg and Larsen claimed that if a graphite rod is 
inserted in a blind riser, the rod will partially dissoly 
when it comes in contact with molten metal to for 
a high-carbon low-melting-point steel in the riser. Sin 
the fluid life of the riser metal is thus lengthe: 
smaller risers can be used to obtain higher yields 


castings. 


The objection to the use of graphite rods is that 
if too large a rod is used, there is a possibility that 
high carbon metal formed in the riser will feed int 
the casting to form hard spots. 


In tests made to investigate the claims of Vosberg 
and Larsen, one and one-half inch thick plates wei 
cast in a vertical position and were fed by blind risers 
attached to the bottom of the plates as shown in Fig 
Various sizes of rods were placed in the risers, and th 
castings were then sectioned and etched with a 10 pe 
cent ammonium persulphate solution to disclose th 
distribution of the high carbon metal. Invariabl 
even when small rods were used, a high carbon zon 
was found in the casting at the position where the head 
was attached. 


Since the occurrence of segregation at the riser necks 
when 14-in. diameter rods were used was entirely un- 
expected, several test castings were made which were 
identical with the one described above except that 
conventional sand cores were used in the risers instead 
of graphite rods. When these castings were sectioned 
and et: hed, they too had segregated zones, even though 
there was no outside source of carbon available to dis- 
solve in the metal. 


Figure 2 is a photograph of etched sections oi two 
cast plates made as shown in Fig. 1. The section on 
the left in the photograph was fed by a riser containing 
a sand core and the one on the right by a riser contain 
ing a graphite rod 14-in. in diameter. Segregation is 
equally severe in both cases, and this phenomenon 
which at first seemed to discredit graphite rods as an 
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aid to more efhcient feeding, was found to occur with 
or without a graphite rod in the riset 

In Fig. 3 is shown another example of segregation 


1—Plate casting with blind in a plate casting which was fed by a blind riser kept 


riser attached open to the atmosphere by means of a sand core. [his 


photograph shows the casting and riser as sawed 
through their centers with the segregated area at the 
bottom of the casting disclosed by an ammonium pet 
sulphat etch. Drillings taken from the segregated area 
contained 0.47 per cent carbon whereas the base metal 
contained 0.26 per cent carbon. 

During the war a company engaged in the manu 
facture of tank treads was encountering hard spots in 
the treads during machining operations and was also 
finding cracks where the risers had been burned from 
the casting. Several of these castings were sent to the 
Naval Research Laboratory for inspection. It was 
found that these treads, which were made of a steel 
containing 0.35 per cent carbon, 1.50 per cent manga 
nese, and 0.35 per cent molybdenum, had highly segre 
gated areas in the sections adjacent to the risers. Top 
and bottom views of one of the castings with the risers 
attached are shown in Fig. 4. 

These castings were fed by blind risers containing 
the Williams sand core which permitted access of 
atmospheric pressure to the riser. The lugs to which 
the risers were attached were cast solid, while holes 
were cored in the lugs on the opposite side of the 
casting. Since the most difficulty was encountered in 
machining the hole through the central mating lug, 
a thin section through this area was removed for ex- 

amination. This section was found to be radiographic- 
Eiched section showing segregation in vertically ally sound. When this specimen was etched with am 


lates fed by (above) blind riser with sand core, monium persulphate a thin segregated zone was found 
(h 7) ; T0P/7 WIT ( ite ° ° . 
below) blind riser with graphite rod leading from the riser contact and extending across 


the lug as shown in Fig. 5. 


4 


Fig. 3—Sectioned casting etched to show segregation of 


carbon at riser qunction-sand core used in riser 











Fig 1 (above) Tank tread castin 


Vv 
~* 4 


attached 


Fig. 6 (below, right)—Hardness survey across segregated 


zone in tank tread casting 


Fig. 5 (below )—Segregation in section through center 


of tank tread 





with blind risers 





SEGREGATION IN SMALL STEEFI 


From a hardness survey made across the 
zone with a Vickers hardness tester, it was 
that the base metal in the as cast conditio 
hardness of 220 Vickers and the segregated 
a maximum hardness of 300 Vickers. The 
curve across the segregated area is shown in ] 

In determining the variation in carbon 
between the segregated area and the base meta! 
men having a thickness of 3/16 in. was water-q 
from 1650 F and surveyed for hardness. Si 


maximum quench-hardness that can be obtained jj d 
steel depends only upon the carbon content as 
possible to determine the carbon content of the spe 
men by referring to the curves of Clark and Kowa 
described in Metals Tec hnology, Jan. 1944, which show 
carbon content plotted against quench-hardness. |; 


was found that the carbon content of the segrevat 

zone was 0.57 per cent while the carbon content of th 
metal adjacent to this zone was 0.37 per cent. Drilling: 
taken from the casting some distance from the segre 
gated zone contained 0.33 per cent carbon. The segr 
gated zone thus contained at least 0.20 per cent mor 

carbon than did the remainder of the casting. 

From spectrographic analyses made at the positi 
indicated on Fig. 5, it was determined that there was 
a segregation of other alloying elements as well as dis 
carbon. The results of these analyses are as follows 


Position 2 


Position | (Segregate), Positior 

per cent per cent per « 
Manganese 1.55 1.83 14 
Molybdenum 0.32 0.45 () 
Chromium 0.081 0.097 0.077 
Nickel 0.08 0.09 ().08 
Silicon 0.70 0.81 0.70 


The segregation of sulphur in this section is sh 
the sulphur print of Fig. 7. 


M 

Since the hole which must be machined in the ¢ 
ing lug passes through the segregated zone, it is no Chi 

surprising that hard spots were encountered in mach Mv 


ing, and since the segregated zone extends to 
riser connection, the occurrence of cracking in burning 
the riser from the casting might be expected 
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I Sulphur print of segregated zone in tank tread 
casting 

\nother example of segregation of this type was 

n small bracket castings which were risered as 

P in Fig. 8. Two sizes of riser contacts were used 

ir castings. The riser contacts were etched with a 

1( cent ammonium persulphate solution which 

dis d the segregated areas seen in Figure 9. Both 

castings were sound, but it is apparent that 

" oversized contact the degree of segregation is 

Figure 10 is a photograph of an etched section 

da half-inch behind the surface of the flange- 

the casting shown on the right of Fig. 9. It 

ca seen that the segregate is still present at this 

(he compositions, obtained by spectrographic 

analyses, of the top segregated area of Fig. 10 and the 

bas tal are as follows: 
Segregate Base Metal 
per cent per cent 

M invalhese 0.75 0.70 
Silicon 0.60 0.60 
Chromium 0.28 0.25 
Molybdenum 0.35 0.30 
Nicke 0.31 0.29 





8—Bracket casting and rise? 
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Photomicrographs taken trom the base metal 
through the segregated zone of this specimen after it 
was annealed at 1700 F for two hours are reproduced 
in Fig. 11 at a magnification of about 50 diameters 
Figures 12 and 13 are photomicrographs at 500 diam 
eters of the base metal and segregated area respectively 
Since the amount of pearlite in steel is dependent 
upon the carbon content, these photomicrographs indi- 
cate the degree of carbon segregation present. 

It is to be noted that this segregation is apparent 
even after the specimen had been annealed. It has been 
observed in other castings also that an anneal or a 
normalize and temper treatment has little if any 
tendency to disperse the segregated elements. 

From the preceding illustrations it is evident that 
segregation occurs near riser contacts which have a cross 
sectional area smaller than that of the riser, and that 
the magnitude of segregation is increased as the riser 
connection is reduced. 

If a small riser contact is conducive to the formation 
of segregation, knock-off or Washburn riser necks 
should present ideal conditions for segregation of this 
type to occur. Figure 14 is a photograph of etched sec- 
tions of two cylindrical castings 4 in. in diameter and 
6 in. high and the Washburn risers which fed them. 
The riser necks on the castings were 114 in. and 2 in. 
in diameter and were formed by cores having a thick 
ness of 1% in. 


Spectographic Analysis of Segregate 


The top \% in. of each casting was removed for 
analyses and hardness surveys, and these segments 
are not shown in the photograph. A slight shrinkage 
cavity was found in the casting to which the smaller 
neck was attached while the other casting was sound; 
severe segregation appears in both cases. Results of 
spectrographic analyses taken from the solid casting 
just below the neck are as follows: 


Segregate Base Metal 


per cent per cent 
Manganese 0.80 0.75 
Silicon 0.40 0.45 
Chromium 1.12 1.01 
Molybdenum 0.62 055 
Nickel 0.32 0.30 


The carbon content obtained on drilling was 0.25 per 
cent in the base metal and 0.44 per cent in the segre- 
gated area. The plot of a hardness survey taken across 
a section of the casting just below the neck is shown 
in Fig. 15. 

In the two castings of Fig. 14, the cores were made 
of oil sand, and a carbon-free pipe-eliminator was used 
on the risers. There was a possibility that the pipe 
eliminator might have contained carbonaceous mate- 
rial which was dissolved in the metal and was carried 
into the casting, and there was also the remote possi- 
bility that the oil binders from the Washburn core, 
being carbonaceous, might have caused an increase in 
carbon content of the metal. To determine if carbon 
was obtained from these sources, a series of cylindrical 
castings 4 in. high and 4 in. in diameter was poured 
and the castings were fed with Washburn risers having 
neck diameters ranging from | to 21% in. 
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Fig. 9—Riser contacts of bracket castings ete hed to show 


areas of carbon segregation 


Ihe cores were bonded with cement and were made 
to contain only sand, cement, and water with no cai 
bonaceous material present. No pipe eliminator of any 
kind was used on these castings. A photograph of this 
series of castings and risers is shown in Fig. 16. The 
risers were sawed from the casting and both sawed sur 
faces were ground and then etched with ammonium 
persulphate solution. 

From this photograph it would appear that the cast 
ings with the 184-in. and 2-in. diameter necks have more 
segregation than those with the smaller necks. This was 
not confirmed however when the castings were sectioned 
as shown in Fig. 17, for segregation of a more severe 
nature was found within the castings fed through 
smaller necks. The degree of segregation appears to vary 
inversely as the diameter of the neck. Only slight segre 
gation occurs in the casting to which the 214-in. diam- 
eter neck was attached and no segregation at all occurs 
in the casting fed by the riser in which the contact com- 
pletely covers the ¢ asting. 

\ 14-in. section from the top of the casting fed with 
the riser having the 134-in. contact, as shown at the 
lower right, in Fig. 17, was removed for carbon deter- 
mination by means of the quench-hardness method. 
Phe carbon content of the segregated zone was found 
to be 0.47 per cent while the carbon content of the base 
metal was 0.25 per cent, a difference of 0.22 per cent of 
carbon. The complete composition of the heat was 0.25 
per cent carbon, 0.60 per cent manganese, 0. 13 per cent 


SEGREGATION IN SMALL STEFI 


silicon, 0.26 per cent chromium, 0.20 per cent 
denum, 0.11 per cent nickel and a balance ot i1 

Figure I8 shows the carbon contents obtai 
drillings at various positions in the casting a) 
having the smallest connection. Although seve 
gation is shown in this manner the maximum 
of segregation may not be disclosed becauss 


manner in which the sample was taken. Each 


lig. 10O—Segregation in bracket casting show) 


~* 


of Fig. ll a half inch from surface of flange 





hig. 11—Photomicrograph through segregated 
Fig. 10 showing structure after annealing at 170 


2 hr. Approx. 50X. 
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Photomicrograph of base metal in annealed 
bracket casting. Mag. 500X. 


content shown on this figure is the average of 

all drilled volume which, when it is taken from 

. segregated area, undoubtedly includes some of the 
carbon base metal. 

series of castings discussed above indicated that 

pe of segregation is entirely a function of the 


» design and the mechanism of solidification, and 





+ carbon is not absorbed by the metal from outside 






es. Nevertheless, in all subsequent experiments, 





) pipe eliminator was used on the risers. 






lhe chromium, nickel and molybdenum which were 





resent either as intentional alloying elements or as 
esiduals in all the castings described thus far had little 






any influence on the occurrence of segregation. A 
series of test cylinders like those shown in Fig. 16 was 






ast from a heat made of Armco iron melting stock 
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Fig. 13—Photomicrograph of segregated metal in 
~ Ss ~ S 
annealed bracket casting. Mag. 500X 


which contained no more than 0.01 per cent each of 
chromium, nickel and molybdenum. The patterns and 
degrees of segregation were found to be very similar to 
those of Fig. 16. 

Segregation has not been found in castings fed by 
conventional open risers in which the connection to the 
casting has a diameter approximately equal to that of 
the riser itself. When the riser to casting connection 1s 
restricted as is sometimes done, conditions become 
favorable for segregation. 

Figure 19 is a photograph olf a sectioned and etched 
casting and riser having a slightly neck-down connec- 
tion. Slight segregation is disclosed at the neck by the 
ammonium persulphate etch. Analyses of drillings 
Fig. 14 (left)}—-Segregation (dark areas) beneath knock- 
off risers in two castings, 11%-in. neck (left) and 2-in. 
neck (right). Fig. 15 (right)—Hardness survey across 
neck (Fig. 14). 


segregated zone of casting with 2-in 
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H 
from the segregate and the base metal show the carbon 
to be 0.31 and 0.26 per cent respectively. Fig. 19 repre- 
sents a borderline case. If the riser junction was re- 
stricted still more, conditions similar to those found in 
knock-off risers would exist and more segregated metal 
would form. 
The presence of a restricted section in a casting, 
however, is not in itself the cause of segregation. There 
must also be a flow of feed metal through this section. 
Chis is illustrated by means of the following test cast- 
ings. The test casting shown in Fig. 20 consists essen- 
tially of two 3x3x4-in. rectangular blocks which are 
joined together at their bottoms by means of a one-inch 
square section. Feeding was accomplished by one large 
riser with Washburn necks attached to each block. 
If segregation is caused only by a restriction in the 
casting, it should be found in the one-inch section 
joining the two blocks as well as beneath the riser necks. 
, Sectioning and etching of these castings disclosed segre- 
gation beneath the risers, but no segregation was found 
in the connecting section. Several of these castings were J 
made, some with a single gate leading into only one Fig. 16—Sertes of 8 castings 4-in. diam., 4-in. high, and 
block, as shown in Fig. 20, and some with gates leading their risers which have various neck diameters, showing 
into both blocks, and the same results were obtained. segregation found in the riser necks 
Figure 21 shows a typical segregation pattern existing 
within these castings. : : 
ciently preheated by the metal which flowed through it 
When however the casting was made with the riser to permit complete feeding. The areas which etch 
over only one block, as shown in Fig. 22 segregation was darkly in this casting are the segregated areas. ‘The posi- 
found extending from the bottom restricted section tion and pattern of the segregate indicate movem¢ nt of 
into the unrisered block. Figure 23 is a photograph of a metal toward the unrisered section of the casting. 
typical section of a test casting risered in this manner. a eT cee ae pier he 
The unrisered block of Fig. 23 was chilled on the top ava..an siege ee ee a 
half of three of its sides in an attempt to make it sound, ee of the casting of ve ! £5. Promounced segre 
but the solidification rate in the one inch channel was a ee under the — and the segregate 
not sufficiently retarded and the channel was not sufh- leading — the unrisered block is shown to contain 
; from 0.08 to 0.16 per cent more carbon than the base 
metal which has 0.28 per cent carbon. In the casting of 
Fig. 17—Segregation in cylinder castings of Fig. 16 after Fig. 21, however, which had risers over each block, spot 
further sectioning analyses showed segregation under the risers only. 
Fig 
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its mid-length by a Washburn core making it necessary 
for feed metal to flow upward through this restricted 
section to make the top half of the block sound. Since 
the feed metal in this casting flows in a direction oppo 
site to its flow in a conventional knock-off riser, segr 


gation is found above the opening 


It is to be emphasized that this segregation is not a 
result of the massiveness of the section in which it is 
found. The casting of Fig. 26 has a diameter of 4 in 
and the riser has a diameter of 6 in. but no segregat 
is indicated in the riser by the etchant 


Theory of Segregate Formation 





Ingot manufacturers have always been vitally con 
cerned with segregation, and much information has 
been published on ingot segregation. A generally a 
cepted theory of the cause of segregation in killed 
ingots?? is that during the latter stages of solidification 
temperature gradients across the ingot become very 
slight and free floating dendrites form within the liquid 
metal. The dendrites have a greater specific gravity 
than the liquid and settle to the bottom of the ingot, 


and, since the dendrites are relatively pure iron, the top 





Fig. 19—Block casting fed by Ope n riser with reduced 


neck showing slight segregation 


hon content at various locations in cylinder 
casting and 1/58 knoe k-off rise) 


lo confirm that the location and pattern of the segre 

gate shown in Fig. 25 is caused by the movement of feed 

metal, and not by the method of gating which caused 

, he metal filling the mold to flow in the same direction 
as the feed metal, a casting of this type was made with 

he gate leading into the unrisered portion. The etched 

sections of the resultant casting, Fig. 25, show segregate 

patterns which are the same as those of Fig. 23. The 

segregate pattern is in the same position and has the 

same appearance as in the castings which were gated 

nder the riser, indicating flow of metal away from the 


iser, even though the metal filling the mold flowed in 
he opposite direction. 
Figure 26 shows an etched half of a larger casting and 
t the large side riser which fed it. Extensive segrega- 
7 a on is shown along the centerline of the casting. Much 


‘he same conditions exist in this casting as in the double 
DIOCk tings. The casting of Fig. 26 was separated at 
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metal becomes enriched in carbon and the lower por- 
tion of the ingot where the dendrites come to rest is 
lower in carbon. Thus, there is invariably found in 
killed ingots a zone of positive segregation at the top 
and a zone of negative segregation at the bottom. 

[he same mechanism of solidification which causes 
segregation in killed ingots is undoubtedly active in 
small castings to a minor extent but it can by no means 
account for the extreme segregation which forms in 
castings with restricted riser contacts. From data com- 
piled by Larsen,” the average segregation ratio of car- 
bon, that is the ratio between the lowest and highest 
concentration of carbon, in 15 ingots weighing between 
34, of a ton and 64 tons is 1.45. In the casting of Fig. 3 
which weighs about 50 lb. including the riser, the 
carbon segregation ratio is 1.8. In addition the segre- 
gation occurs at the bottom of this casting which is, in 
ingots, the location of the zone of negative segregation. 
The casting shown in Fig. 26 in which the segregate 
exists throughout the length of the casting indicates 
further that the segregation found in the castings under 
discussion arises from conditions other than settling 


dendrites. 





Fig. 20—Test casting used in studying segregation 


Fig. 21—Section of test casting poured through double 
gale, one gate into each side of casting 








SEGREGATION IN SMALL 


Fig. 22—Test casting risered to produce segregation ir 
small bottom section 


Fig. 23—Sectioned casting of Fig. 22. Note line of segre. 
gation leading into unrisered half of casting 





In the casting of Fig. 18 it is noted that the carbon 


the 
tne 


content of the lower part of the riser and of 
restricted contact contain less carbon than the 

metal near the casting surface. However, the riser shown 
in Fig. 27 which covered the entire casting shows a mort 
uniform carbon content throughout. Extensive analyses 


throughout several other risers taken from castings 1n 
ne ative 


base 


which segregation occurred also indicate 
segregation. This condition was found in both 
“neck down” risers and the side risers. 

\t the right of Fig. 28 is a photograph of a s mn of 
the riser which fed one of the double block castings. 


tor 


Che carbon contents at various positions on this riset 
secticn show a zone of negative segregation abo ach 
riser contact. At the left of Fig. 28 is a sect fa 
simple block casting equal in size to this 1 and 
analyses at a number of positions on this section show 
a uniform carbon content. It is apparent that the zones 
of negative segregation in the risers and riser contacts 

yn in 


are associated with the zones of positive segreg 
the castings. 
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It is believed that this occurrence can be explained in 
the following manner. According to the constitution 
diagrams, alloys freeze selectively under equilibrium 
conditions. The higher melting point constituent 
freezes first, leaving the remaining liquid deficient in 
this constituent. In practice the solidification rate of 
alloys may be sufficiently slow so that segregation is 
present after the alloy has solidified as is typified by the 
cored and dendritic structures of many alloys. 

In steel, the low carbon dendrites solidify first and as 
solidification progresses the remaining liquid becomes 
enriched in carbon. At the surface of a casting, cooling 
may be so rapid that there is insufficient time for selec- 
tive solidification to occur to a very great extent, and 


Fig. 24—Carbon content at various positions of casting the metal will be comparatively homogenous. At the 


23 interior of a casting, the temperature gradients tend to 


shown in Fig. ng 
level off causing the rate of solidification to be retarded, 


and it is probable that within the solidification range 
there exists a solidified dendritic lattice within which 
there is high carbon liquid metal. 

A knock-off riser contact, because of its low rate of 
heat loss, will solidify similar to the central zone of a 


Fig. 27—Carbon contents in casting made with 


conventional riser 


Fig, 25—Section of half-risered casting gated into un- 
risered side-location of segregate is the same as when 
gate leads to risered side 


Fig. 26—Sectioned half of casting and riser etched with 
ammonium persulphate 
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| Fig. 28—Carbon contents of right-sectioned ‘neck-down” riser which fed a double block test cast : bec 
left-sectioned casting of the same size as the riser which had to do no feeding du 
son 
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Fig. 29 (above )—Series of test castings poured at various A. 6-in. diam., 8-in. high riser with a 13/-in act casti 
temperatures as indicated. Fig. 30 (below )}—Sectioned B. 5-in. diam., 6-in. high riser with a 134-07 
and etched castings fed by: C. 6-in. diam., 8-in. high riser with a 114-17 WW 
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ver section. It is believed that this particular 
segregation occurs in castings because, during 
zing process, the riser contact is in a more 
d state of solidification than the casting. The 

lattice with its entrapped liquid extends 
he contact while there is still a demand for feed 
ithin the casting. When further solidification 
vithin the casting, a vacuum forms which causes 
carbon interdendritic metal in the contact to 
flow into the casting. 

In the riser, the existing liquid has also become 
impoverished in iron and enriched in carbon. 
juid flows into the dendritic structure of the 
ontact and also into the casting if additional 
| is needed there. The lower part of the riser and 
the riser contact contain less carbon than the base metal 
because the liquid metal flowing through these areas 
during the last stages of feeding is continually losing 
some of its low carbon constituent by the process of 
selective solidification. Thus the neck and lower ex- 
tremity of the riser, when solidification is complete, 
consist of an abnormally high percentage of the low 
carbon constituent. 


em Y 
s 


Segregated zones of the type described in this report 
may thus be considered as an intermediate condition 
between sound, comparatively homogenous metal and 
shrinkage cavities. Segregated areas are warnings of 
potential shrinkage and in many Cases segregation and 
shrinkage exist together. 


There is a definite indication that castings which 
are poured hot have less tendency to segregate than 
those poured at lower temperatures. Figure 29 is a 
photograph of a series of sectioned and etched castings 
poured from the same heat at temperatures ranging 
from 2805 F to 3060 F. There is a noticeable decrease 
in the magnitude of the dark segregated areas in the 
castings poured at the higher temperatures. 


Work in progress indicates that increasing the size of 
the risers may also reduce the severity of segregation in 
castings where restricted contacts are used. The casting 
at the center of Fig. 30 was fed by a riser 5 in. in diam- 
eter and 6 in. high through a neck which was 13, in. in 
diameter. This riser is a little larger than is usually con- 
sidered necessary for a 4-in. diameter 4-in. high casting, 
but slight segregation is disclosed by etching. A similar 
casting fed through the same size neck but with a riser 
6 in. in diameter and 8 in. high showed no segregation 
by etching. The casting on the right of Fig. 30, although 
it was fed by an equally large riser shows segregation be- 
cause the riser contact was only 114 in. in diameter. 

Both series of castings of Figs. 29 and 30 were gated 
into the castings below the cores and a possible explana- 
on for the decrease in segregation may be that the core 
was more thoroughly preheated by the metal flowing 
through it during the filling of the mold. When the 
core becomes highly preheated either by very hot metal 
flowing through it or by a large volume of cooler metal 
lowing through it, the metal in the neck may remain 
molten for a greater length of time. Since the neck 
remains open, the casting can obtain the last bit of feed 
metal it requires from the riser rather than from be- 
tween a dendritic network. 


$23 


A systematic study was made on this 4-in. diameter, 
t-in. high test casting to determine how carbon segre 
gation under restricted riser contacts varied quantita 
tively with core thickness, neck diameter and neck 
design. Figure 31 shows the manner in which the test 
castings were made. Four castings were made in a flask 
and were fed by risers 5 in. in diameter and 514 in. 
high. 

The risers were completely enclosed by the sand 
mold, and had sand cores inserted in them to permit 
atmospheric pressure to act on the riser metal. The 
risers were enclosed in sand primarily to insure that 
they all contained the same quantity of metal so that 
any variation in results would not be ascribed to dit- 
ferent amounts of metal flowing through the contacts. 
Che castings were poured with a Navy Class B steel 
at temperatures between 2900° F. and 2950° F. Cores 
of four different thicknesses, 14, 34, 1 and Il in., 
were used at the riser contacts. 

Iwo types of neck design were employed in the 
tests—cylindrical and tapered, with the outer surface 
of the tapered contacts forming an angle to 60 degrees 
with the base of the riser. All of the castings were 
annealed at 1650° F. for 4 hr. before being examined 
for segregation. Figure 32 shows one series of sec 
tioned castings which were made with cylindrical 
contacts. 

Ihe cores which formed the contacts had _ thick- 
nesses of 1 in. and the contact diameters varied trom 
1 to 3 in. as indicated by the figures between the two 
sections of each casting. Ihe castings were first etched 


Fig. 31—Test castings as removed from mold. 
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Fig. 32—Series of sectioned and etched castings with Fig. 33—Series of sectioned and etched casting 
cylindrical contact—I1-in. core. cylindrical contact—1\4-in. core. é 
Fig. 34—Series of sectioned and etched castings with Fig. 35—Series of sectioned and etched castings g 


tapered contact—3,-1n. core. tapered contact—I1-in. core. 








>» aND K. E. Fritz 49% 





H v 


re mer 






core 


Be NECK \" NECK 


»pical risers removed from test castings as 


nd ett hed. 





Fi 


NECK DIAMETER with ¢ xothe rrmic cores 


{ 
<< 


x. 39—Comparison of castings made with sand and 
RELATION OF SEGREGATION TO , 


o—— CYLINDRICAL 


*----* TAPERED Q 
as shown in Fig. 32 to delineate the segregated areas 





——— 7 


4 INCH CORE 3 INCH CORE 


a i and then punch marks were made at the points where 
the segregate was most pronounced. The castings 
thus marked were sand-blasted and drillings taken for 
carbon analyses. The carbon contents of the bas¢ 

) 


metal and segregated areas are indicated in Fig. 32 
and the differences between these two analyses are 


PERCENT 
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shown below the castings. 
Figure 33 is a similar series made with 114-in. thick 
cores between the castings and risers. Figures 34 and 


GREGATE 


rf 





35 are two of the series made with tapered contacts. 
Ihe neck diameters indicated in Fig. 34 and 35 refer 
to the smallest diameter of the neck. Three of the 
risers from these test castings are shown in Fig. 36 
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after they had been sectioned and etched with am 


Excess 


monium persulphate. No segregation was found, in 
any of the risers. 

The data obtained from these tests are shown 
graphically in Fig. 37 and the rapid decrease in the 
amount of segregation with increasing neck diameters 
is evident. Segregation also becomes less as the core 
thickness or neck length decreases. For example, with 
45 Fig. 37—Carbon segregation as related to contact diam a constant neck diameter of 2 in., it can be observed 

Relation of segregation to neck diameter. from Fig. 37 that the amount of carbon variation in 
the castings with cylindrical necks varies from 0.30 
per cent with a 114-in. thick core to 0.10 per cent 
with a 14-in. thick core. 
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Ihe curves in Fig. 38 show the neck diameters 


required in cores of different thickness to make this 
particular 4-in. diameter, 4-in. high casting sound and 
also the neck diameters required to keep carbon segre- 
<.05¢ gation in this casting to within 0.05 per cent of the 
z aoho= carbon content of the base metal. For example, with 


i >» S86 | a l4-in. thick core which forms a cylindrical contact, 
| 
| 


SOLID ? a the casting will be sound when the neck diameter is 

2 a Sa) ae only 34 in., but to keep the variation of carbon be 

SHRINK tween the base metal and segregate as low as 0.05 

40 per cent carbon, a 214-in. diameter contact must be 

" : used. 

' 'Z t When a 1l%-in. thick core is used, the casting will 
CORE THICKNESS — INCHES ois , . , 

be sound with a 2-in. diameter contact, but a 314-in. 

ig. 38—Contact diameters required to keep carbon diameter contact is necessary to keep segregation to 

n within 0.05 per cent carbon. this arbitrary minimum. Unfortunately, when the 
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neck diameters are increased to the dimensions indi 
cated by the top curves of Fig. 38 the risers cease to 
be “knock off” risers and must be removed by burning. 

However, as pointed out previously, when the core 
is thoroughly preheated by metal flowing through it, 
less segregation results. In other words the core torm 
ing the riser contact may be considered as a mild chill 
which disrupts the temperature gradients from the 
casting to the riser, and by preheating the core its 
chilling effect is reduced. 

A core made otf exothermic materials should cause 
less segregation than a sand core since an exothermic 
core would supply heat and absorb less from the 
molten metal in and around the contact. This was 
found to be true as shown by the test castings of Fig. 
39. At the top of Fig. 39 are three sectioned and 
etched test castings made with sand cores to form the 
contact and at the bottom are three castings identical 
in dimensions but with cores made of a commercial 
exothermic material instead of sand. 

The carbon variation in the casting made with the 
l-in. thick core and the 114-in. diameter neck was 
reduced from 0.27 to 0.13 per cent by replacement of 
sand with exothermic material; with a 34-in. thick 
core and a 11l4-in. neck the variation was reduced 
from 0.26 to 0.06 per cent carbon; and with a 14- 
thick core and a l-in. diameter neck, carbon segrega- 
tion was practically eliminated. 


In. 


Summary and Conclusions 


1. Segregation of carbon and also the other alloy- 
ing elements occurs in steel castings near the rise1 
contacts when the contact is restricted and directional 
solidification is not quite obtained. Washburn o1 
“knock-off” riser connections form ideal conditions 
for the occurrence of segregated zones. 

2. It is concluded that, during the latter stages of 
solidification, a lattice work of low carbon dendrites 
surrounded with high carbon liquid exists in the riser 
contact while the casting still requires feed metal. To 
satisfy the feed demand of the casting, the high carbon 
interdendritic metal flows into the casting to form the 
segregated zone. If still more feed metal is required 
in the casting, it may be obtained from the riser 
through the dendritic network of the contact. 

3. Commercial annealing treatments do not dis- 
perse the segregation. 

4. Ina steel having a base analysis of 0.25 per cent 
carbon, the segregated zone may contain 0.45 per cent 
carbon. There is also a minor segregation of the 
other alloying and residual elements. The segregated 
zone may contain between five and ten per cent more 
of these elements than is present in the base metal. 

5. Segregation becomes more severe as the riser 
neck is reduced. This type of segregation is not found 
under large riser connections which cover the area to 
be fed. 

6. The severity of segregation in castings is reduced 
by pouring with hotter metal and by increasing con- 
tact diameter and decreasing riser contact length. 

7. Replacement of sand cores by exothermic cores 
at riser contacts has a favorable effect in reduction of 


carbon segregation. 
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DISCUSSION 


hairman: J. A. RassENFoss, American Steel Fou 
diana Harbor, Ind. 


~ 


Co-Chairman: G. VENNERHOLM, Ford Motor Co., D 
Mich. 
J. B. Caine’: The authors are to be congratulated 
experimental vigilance. The writer was fortunate in havi 


an opportunity to discuss this segregation with Mi: Rishon 
several months ago and came away from Anacostia not op 

alarmed but puzzled. We at Sawbrook had been using neckeg 
down risers and cores extensively for over a year, and if this 
segregation existed, it could lead to serious difficulty. At thy 
same time, he was puzzled in that the trouble had not ariy 

before, for many of the castings made with necked-down risers 
using small openings were being machined at a hardness of 

to 400 Brinell, about the limit of machinability, and at a ha 

ness level where even a slight increase in carbon rr 
casting unmachinable. 

Past experience had shown that the same type of segreg 
tion due to high carbon pipe eliminator did cause much trou 
In an endeavor to find out why no trouble had arisen, aly 
50 types of production castings made with necked-down ris 
were sectioned and possible segregation studied by etching w 
nitric acid as well as ammonium persulphate. Hardness surveys 
were also made. It was found that segregation existed in o 
two of the 50 castings studied, and in one casting, the segreg 
tion was associated with secondary shrinkage in the casting 
away from the riser. The neck had frozen off, not the neck ot 
the riser in this case, but it was on a small gear and the 
of the gear had frozen off. The segregation was down in | 
hub associated right at the bottom of a very slight shrinkage 
area. 

It was first thought that the etching procedure used at Saw 
brook was not showing the segregated area, so cylinders simila 
to those shown by Mr. Bishop were made and the segregate 
area was found every time, even in little 2-in, diameter by 2-in 
high cylinders. The question then came up: Why did not a 
the production castings show this type of segregation? The 
answer may be in the design of the casting itself. The exper 
mental castings used at Anacostia I presume were all cylinders 
or rectangles whose height is about equal to the diameter « 
section. This is about as chunky a casting as it is possible to 
make. Several other castings, the plate and the bracket, show 
a small connection between the riser and the casting, either a 
riser that is quite high in relation to the diameter or whos 
riser section closely approaches the casting section. The sectio! 
and surface area of the risers that have been studied, or at 
least shown in this report, are close to the surface area al 
section of the casting. 

The authors’ theory of the formation of the segregate im- 
plies almost split-second timing and therefore any change 
this timing will cause either a definite shrinkage cavity in the 
casting at the junction of the neck and the casting if a necked 
down core is used, or the minimization or elimination of the 
segregate area. The authors also show that increasing ¢ 
dimensions of the riser decreases or eliminates this segregatio! 

Fortunately, the majority of production castings are range! 
than those used in this study. By “rangier” I mean they hav 
a higher surface area in relation to their volume. Riser ef 
ciency itself dictates riser sections larger in relation to the cast 
ing section to be fed than those risers used in this report. |! 
may therefore be possible to riser efficiently the majority of (« 
castings that we produce using necked-down cores, with litt 
or no carbon segregation at the junction of the neck 4 
casting. 
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1 Sawbrook Steel Castings Co., Lockland, Ohio 
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this theory is correct, the carbon segregation as 
the authors need only be considered with chunky 


rs with low surface area to volume ratios, and 


ung 


ot worry about carbon segregation in the mayority 
igs we make 

x: In Fig. 18, how can you account for the low carbon 
per cent) directly under the pipe in the riser? That 
em right 

sHop: Selective solidification occurs there 
, dendrites and high carbon interdendritic 
[his riser 


[here are 
liquid 
there is also a feed demand at that time 
I think ordinarily in any 
liquid 


e narrow diameter side 
ere is a dendritic lattice with interdendritic 
re is no reason for that metal to move, it will stay 
become entrapped, but in this particular instance the 
litthe toward the 


itic metal was drawn down a 


It would seem to me if it is drawn down, you ought 
Is that not the last part 


\ ER 
a shrink in that position 
; in the riser? 
Me. BisHop: There might have been interdentritic shrinkage 
it would be so small that it would probably take a 
( ope to see it. 
Mewser: The point is that when you drill for chemical 
chips you drill over quite an area. You are not dealing 
, small place; you have quite an area that you are integrat 
nere 
Member: That is a good answer to it. 
C. E. Sims*: Is it not a case where the shrinkage cavity occurs 
ip, and when the high carbon interdendritic liquid 
irained down through the neck, it is replaced by un- 
metal, from further up in the riser, which is of normal 


sition 
It might be possible that the high carbon area may be a 


at 


ttle below the neck in some cases and not immediately at the 


surface. If the casting were machined just below the neck, you 


ight not run into a hard spot; the hard spot may actually be 


iried 


Mr. BisHop: Yes, that is the case quite frequently. We have 


noticed when we sawed the risers from the castings and etched 
the necks, in some cases only a little segregation was shown, 


metal through the neck, segregation was reduced. 


ut when we sectioned the casting, we uncovered quite a large 
area beneath the surface. 


R. W. Tuomas*: Have you found any lowering of the carbon 
way from the gate? 

Mr. Bishop: We found that by flowing large quantities of 
If we had 


a large casting and could gate on top of the core so all the 
metal ran through the neck, it would tend to minimize segrega- 
tion. This core acts as a chill, and if we can flow a lot of 
metal over it and preheat it, then it tends to become ineffective 
2s a chill. It is actually the chilling effect which causes the 


segregation. 


Mr. Sims: Have you noticed any difference in this segregation 
epending on whether the metal flows from the riser to the 
isting or from the casting up through the riser? That is, would 


he direction of filling the mold have a noticeable effect on the 


segregation? 


noticed the segregation pattern. 
I de 


Mr. Bishop: We gated all our castings either at the very 
m of the casting or directly below the core. 

Dr. C. H. Loric?: Would some of the carbon segregation be 
ecreased if the castings were homogenized for quite some time 
t heat treated in such a way as to permit diffusion of the 
irbon from areas which are concentrated in carbon? 

Mr. Bishop: We have heated the 4-in. cylinders at 1850° F. 


tor about 6 hr. and sectioned and etched them and we still 


We did not take drillings. 
not know if the intensity of the segregation was decreased 
not, but it was not eliminated. Possibly much higher tem- 


peratures would cause homogenization. 


E. C. Troy*: We found segregation sections as light as 14 in. 


inder side blind risers, not washburned. Such risers were not 


gated but filled through the casting. We changed that situa- 


tion and put the metal through the riser and still had the 
condition, though it was reduced. We heat treated the castings 
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to eliminate the segregation but succeeded in eliminating only 
a very small portion of it. The outer edges of the segregated 
zone seemed to diffuse into the normal metal, the more con 
centrated carbon, segregation working toward the outer edges 


but we were unable, within the limits of the ordinary com 
mercial heat treatment, to do a great deal of good in reducing 
the segregation. Ihe difficulty was eliminated by increasing the 
riser and riser contact size 

R. C. WAYNE 
find segregation might be that the castings were gated through 
the riser, and the necked-down riser core thereby causing the 


core to maintain the metal temperature longer, with the result 


Perhaps a reason for Mr. Caine’s failure to 


that a_ better 
selective freezing 

Mr. Caine: Some of the 50 castings that we checked were 
gated into the riser, the 
into the casting. Others were relatively large 2,000-lb. castings, 
This was not a scientific investigation; 


feeding action was obtained leading to a less 


metal flowing through the opening 


and were bottom-gated. 
it was simply spot-checking every casting we could get, gated in 
a number of ways. One of the two castings showing segregation 
was gated into the riser, the metal flowing through the opening 
into the casting. That particular casting showed the secondary 
shrinkage in the casting. The other one was gated into the 
casting immediately below the opening. In other words, it was 
gated at the parting line below the riser—a standard gating 
practice. The other 45 or 50 castings that we checked were 
gated in both ways away and into the riser. 

Mr. Wayne: It would seem that the parting line gate may 
hold out some hope from the standpoint of heating the neck 
area, and eliminating the segregation. If the casting is gated 
immediately adjacent to the neck area, this would heat that 
area to a higher temperature and lead to better feeding action 
through the neck and less chance for segregation. 

Mr. BisHor: Some of the castings shown in this report were 
gated right under the core, and we still got segregation. But 
actually our riser was bigger than the casting and we should 
get more preheating by flowing the metal up into the riser 
than we should by flowing it down into the casting, because 
less metal would flow through the opening if we gated on top 
of the core. 

Mr. THoMAs: We thought of gating under the core and 
above the core. In other words, our casting fills up right under 
the core and as soon as it does, all the hot metal goes into the 
base of the riser. 

CHAIRMAN RASSENFOss: Exactly how are you getting above the 
core and assuring yourself that once the bottom of the mold 
has been filled, you go to the top gate? 

Mr. Tuomas: The distance between the two gates is only the 
thickness of the core. 

J. A. Duma*: We are gating in exactly the same manner a 
series of tests which we are making using Washburn cores. We 
use two gates; a small one at the very bottom to effect evacua- 
tion of all gases from the mold, and a second larger gate atop 
the core to give us the hottest metal in the riser. I see where 
Mr. Bishop's work indicates the direction towards which we 
should go in solving this segregation. He says that the more 
preheat the core has, the lower the tendency toward segregation. 
In other words, thin cores are the answer. We use much thinner 
cores than Mr. Bishop has used and have experienced no trouble 
either from core breakage or in obtaining a sound casting. I 
wish Mr. Bishop will explain why he used such thick cores 
for such small castings. 

Mr. BisHop: I do not think that is unusual. 
reason why you should not get a casting sound with these par- 
ticular diameter contacts. However, in the 14-in. thick cores 
you mentioned, with our particular sand, we tend to get swell 
ing and much penetration, so that is the reason we did not go 
to core thicknesses of less than 14 in. However, we did make 
a few with a 14-in. thick core and, since the thinner the core, 
the less segregation there is, there was little segregation beneath 
the 14-in. thick cores. In no case did we find a carbon variation 
of more than six points with a 14-in. thick core. The only 
difficulty was in the bowing and the penetration that resulted. 

MEMBER: We get a definite rise in carbon content under the 
head, but I never could get a good feed on a thick core. We 
never go beyond 14 in. We never gate into the bottom of the 
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casting. We always put the metal through the riser hole. In 
that way, we heat the core to a temperature equal to that of 
the head and you have your hot metal on top, which supplies 
gravity. We also used the atmosphere core with it, and we 
never encountered a rise in carbon, except on a flat base under 
this riser. We experienced it on as deep as a 2-in. casting, but 
it was flat, possibly 6 in. across, and in that way it seemed to 
be the chilling effect down under that raised the carbon. 

S. W. Brinson®: Some time ago when the question of Wash- 
burn cores came up, I raised the question as to the chilling 
effects of the core causing this segregation, and the different 
points of gating. I maintain if your core is at room temperature 
and the steel is at a much higher temperature, regardless of 
how you gate it, you have a certain zone under the core, through 
the neck and above the core in which at one time you reach 
heat equilibrium. The point is, what happened from then on? 

From the point of directional solidification, the best way 
would be to gate in the riser above the core. The coolest metal 
will go down through the hole and the hottest metal will be 
up in the riser. However, I believe if you pour below the core 
while you are filling your mold, your hot gases are going up 
through your core and preheating your core and then if your 
riser is larger than your casting, you have a lot of metal flowing 
from the bottom up through the neck into the riser. We main- 
tain you can have a casting that, if it is poured slowly enough 
from the top—and this is theoretical, of course—you can have it 
so the last drop of metal that you put in that casting will be 
the last flowing in the casting and you can have a perfect 
casting without a riser, if it is possible to pour that casting 
slowly, as it solidifies. So it is a question of whether you gate it 
above or below your core or on the bottom. I think the bottom 
gating is the worst of il. I do not think there is any question 
about that, because I have no idea you can bottom gate it 
and push hot metal from your frame gate up through that 
hole into the top of the riser. I think it is foolish to expect it. 
But I do believe if you gate below the core, then after you fill 
your mold the hot metal will go under the core and up through 
the hole. You will also get the benefit of the hot gas while 
you are filling your mold, and with a good-sized casting (Mr. 
Caine said a 2,000-lb. casting) that core will be hot by the time 
that hole is filled. 

C. E. WENNINGER': I believe Mr. Caine is right in stating 
there is possibly a critical factor of time in relation to the 
solidification of the casting in the risers. Ninety per cent of the 
metal will solidify in the first half of the time and the last 10 
per cent of the metal will require an equal amount of time. 


E. L. LaGretius*: I would like to know whether you found 
any difference in metal temperature and the rate of pouring 
on the amount of segregation. 

Mr. BisHop: By pouring hot, we have less segregation. 

CHAIRMAN RASSENFOSS: Our studies are incomplete but we 
can give you a brief history of what we have done. We took 
a cylinder which was approximately 5 in. in diameter and 
instead of being 514 in. long, it was 7 in. long. We put a 6-in. 
diameter riser, 6 in. high, on that, gated into the bottom and 
proceeded to make some segregation studies. We poured several 
castings from electric furnace steel at our Indiana Harbor plant. 
Those were bottom poured from a one-ton ladle. We found 
a lot of segregation in them, so we decided we were going to 
find out the mechanism and the variables which affected it. 
So we brought the pattern to the laboratory and poured the 
same casting with the use of our induction furnace. We did 
not find the segregation in any casting poured in the laboratory. 
So we took the pattern back to the shop and made single cast- 
ings from consecutive heats. Some of the castings contained 
shrinkage and some did not; some had carbon segregation and 
some did not. There was no correlation between any of those 
factors and we do not have full information as to those heats, 
that is, as to the pouring temperature and as to the pouring 
time of each of the castings, but apparently we have a critical 
casting and the results are not predictable except perhaps on 
a percentage or a statistical basis. But these heats were appar- 
ently poured quite hot as the dendrites run completely through 
the 514-in. diameter section. We really do not know the cause 
yet. 
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R. E. Kerr’: We questioned one of the refractory . 
facturers about this carbon segregation under the 


cores and his statements corroborate Mr. Sims’ th He 
mentioned that some of the ingot men were finding « 
same thing; namely, high carbon in the ingot proper \ ors 


carbon in the hot top head. 

The ingot men had supposedly investigated and { 
the following theory: (a) Toward the end of solidificaiion ih. 
high carbon metal in the riser is fed down into the 
more or less a sucking action. (b) The remaining norm, 
content metal in the hot top cavity is further decar! lt lw 
atmospheric oxidation; this was supposedly quite noti e or 
the ingot heads. ‘ 

I also wanted to ask Mr. Caine a question on his theor 
on the chunkiness of the casting in relation to the riser. | qj 
not check the size of the riser on the track link of Fig. 4, by; 


I was curious as to whether his theory held on that applicatio: 
Segregation was found under one of the center risers of Fig, 4 
and I was wondering whether the chunkiness of the track link 


approached that of the riser? 

Mr. Caine: I do not know the actual dimensions. It a; 
peared as if that riser is relatively high in relation to its sectio) 
or diameter. Perhaps by increasing the diameter and decreasing 
the height, we can change our freezing characteristics, chang 
them enough at least to minimize the segregation. All of the 
risers shown in the production castings, the track link (Fig. 4 
and also the bracket (Fig. 8), have risers that are relatively high 
in relation to their diameter, and whose sections approach the 
casting section. Again, this reasoning is only theory. It is hoped 
that the N.R.L. will continue their investigations and show u; 
how to at least minimize this segregation. 

CHAIRMAN RASSENFOsS: We are talking about the effect of 
thin cores here and apparently the thinner the core, the les 
the segregation. With a given size core might not the composi 
tion of the core used have a tendency to alter the segregation’ 
That is, maybe one core has a higher heat capacity or con 
ductivity than another core. What is the nominal composition 
of the cores used? 

Mr. BisHop: We used an oil sand core, with about one per 
cent linoil and one per cent mogul. 

CHAIRMAN RAssENFoss: What was the base sand and was any 
silica flour used? 

Mr. Bishop: We used a 60 A.F.A. fineness sand, no silica 
flour, and 4 per cent water. 

CHAIRMAN RAssENFOoss: Mr. Duma mentioned the use of cores 
that were a lot smaller in thickness than these. Did you have 
any swelling with those? What was the composition? 

Mr. Duma: It is a composition, similar to the one Mr. Bishop 
mentioned, except the cereal binder is just a little different, 
but it is rodded; it is reinforced with four wires. The wires 
are midway between the center and the outside, not coming 
anywhere near the neck, and the four rodded wires reinforce it 
considerably. Then the method of introducing the metal into 
the mold eases the impact of metal upon the core. We intro 
duce it from the bottom, bottom gate it, and then the larg: 
size gate on top of the core that is gated into the riser takes 
over the introduction of the metal into the riser. We get good 
hot metal into the riser with our second top gate, and the 
bottom gate gives us nice slow filling up and the complete 
evacuation of all mold gases. We were afraid entrapment of 
gases would result, and it does in actual practice, if we do not 
evacuate the gases by pushing the metal up slowly that wa) 
There is a difference between the straight linseed oil and the 
core oils you buy. 

Mr. WENNINGER: I believe it should be brought out that there 
is a relationship between the density of the core material and 
its ability to absorb heat. 

Eart Pierce”: Our tests throughout the country, using 40 
exothermic material around the opening are in line with this 
paper. We definitely decrease the carbon segregation at the 
juncture of the riser and the casting by using an exothermic 
material around the orifice. That will be substantiated by man) 
foundries making stainless steel. 

CHATRMAN RASSENFOSS: Do you have any actual casting §" 
mind in which you had a segregation and you changed to the 
use of an exothermic material and got a reduction in that segre 
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you give us any figures on the change in results? 
4 foundryman on the Pacific Coast has definitely 
He ran several tests using that theory and it defi 
mprovement 
we Hati™: I would like to ask Mr. Duma what 
pours from when he uses these exceedingly thin 
e it makes a difference if you are pouring from 
or a large one. I have seen cases in pouring from 
ladle where a nice fountain of steel would shoot 
1e cope, out of each of the necks 
4: We pour from a two-ton, bottom-pour ladle, 
ict of the metal is considerable on that Washburn 
e found that in the application of the Washburn 
8-in. diameter sections, it is impossible to obtain 
or use the Washburn core at all in sections over 
But in the smaller sizes under 8-in. we can pour them 
Most of the impact is taken by the side gate, the 
Fig. 4 he sprue that comes down and then the gate makes 
t-angled turn into the billet. By controlling the 
ening somewhat, we lessen and slow down the flow 
o the mold. 
: H F. Taytor™: The authors are certainly to be con 
“asing for a very fine investigative job. 
. re certain overtones to an investigation of this sort 
lead a purchaser of steel castings to think that this 
Fig. 4 5 jus e more of those things that are wrong with steel 
ely hig s. That feeling would be wrong. I cannot see why it 
mace | shou e so hard to understand why commercial castings do 
S hope show this type of defect. I think we all know that a section 
— s shown in this paper is one of the hardest to gate and 
erly. I think we all know also that the making of an 
effect of sting is much simplified because of its design. 
C ies not ask Mr. Caine to elaborate on the size of the 
om pos ; n of the castings that he was working with, but the way 
feel about this problem is influenced by some things I saw 
sales e Falk Corp. in connection with knock-off risers. I do not 
poses eve any user of this type riser has done so with the feeling 
has necessarily always made a perfect casting or that 
© pe mid always use “choke cores.” I think he has done so 
the feeling that he must make certain reservations. If he 
on a into segregation or into shrinkage as a result of his use 
em, then he simply made the neck larger 
- | know in many cases the foundryman has actually elimi 
the use of knock-off risers for the simple reason that 
of — could not get the castings sound under them. Segregation 
. on should not be too unexpected, either. The natural 
gregation that occurs in an ingot or in a casting simply causes 
Bis! the carbon which is ejected as solidification proceeds to collect 
ifferent somewhere. In the case of a long, thin section with a high 
’ slenderness ratio” (a term coined by Mr. Lutts of the Boston 
“wane. Navy Yard), then that carbon must collect along the length 
e casting and is not forced to collect in the top of it, so 
if one uses a so-called knock-off riser under those condi 
—_ ns, he will not find the gross segregation, even though he 
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has the same mass of casting to consider. This segregate is not 
found analytically because of rapid diffusion at the high tem 
perature. Further, I think that if you draw the casting undet 
discussion, sketch it out and then illustrate the rate at whicl 
and the directions in which heat is removed from that casting 
you will find that immediately beneath the knock-off riser you 
have a very drastic hot spot 

I do not exactly agree with the authors in that high carbon 
metal feeds back down or is drawn back down through the 
neck. I feel that it has simply come from all sides and has 
collected at the hot spot immediately beneath the choke, and 
if you enlarge the choke, then vou promote directional solidi 
fication, giving the segregate a chance to rise up into the riset 
The existence of a partial vacuum will surely aggravate the 
condition, but is not essential to the theory 

Furthermore, if the high carbon material is going to come 
from the riser and the pure metal crystals, which are stated to 
be the first to solidify, fall to the bottom, then they, and not 
the high carbon material, should collect at the bottom of the 
riser, later to be drawn into the void by the vacuum. So I 
rather consider this problem as one of attaining proper direc 
tional solidification, and if one runs into trouble with the choke 
core, he will have to make the opening bigger, and may even 
have to stop using it altogether 

I am fortified in my feeling by further things I saw at Falk 
some time ago when renewed interest in knock-off risers was 
first developing They were running into a small shrink, a 
perfect little round cavity, beneath knock-off risers, and they 
were wondering, as I was wondering, just why that should be so 
Mr. Miller brought up the observation that it was just ordinary 
shrinkage due to a hot spot at that point. The problem was 
solved by increasing the neck of the knock-off riser. So I feel 
that the present segregate is a low density area resulting from 
inability to get proper directional solidification. I would like 
to ask Mr. Bishop if he has made density determinations in 
the regions where the carbon is extremely high 

Mr. BisHop: We have not made density measurements 


Mr. Bisuop (Authors Closure Ihe authors wish to thank those 
who participated in the discussion. It is of interest to know that 
the occurrence of segregation in commercial castings is not a 
widespread problem. Further studies are being made at the Naval 
Research Laboratory to study segregation in castings which have 
a greater surface area to volume ratio as suggested by Mr. Caine 

We cannot agree with Mr. Taylor's theories regarding the occur 
rence of segregation. During the solidification process, high carbon 
metal is not ejected from the growing casting wall, but is en- 
trapped by the dendrites within the wall. Actually, rather than a 
rejection of metal the converse is probably true, viz., liquid metal 
from the casting interior is drawn into the pseudo solid wall to 
compensate for the solidification contraction of the interdendritic 
liquid 

We are in agreement with Mr. Taylor, that if we have true 
directional solidification no segregation will be found in the 
casting. However when this condition is attained in small castings 


and risers, gross segregation is not found in the risers either 





SIMPLIFICATION OF LIGHT METAL CASTING DESIG\ 
AND ITS EFFECT UPON SERVICEABILITY 


W. T. Bean, Jr. 
Continental Aviation and Engineering Corp. 
Detroit 


IBSTRACT 


The simpler the casting design, the greater will be its load 
carrying ability because the stress distribution within the struc 
ture is more apparent to the designer 


Design analysis by direct strain measurement on the com 


ponent is a fundamental approac h to the design problem. The 


geometry of a new component is based on fundamental strength 
concepts 
The brittle lacquer test is used in stress analysis. As loads are 


applied to the part under test the brittle coating follows the 


deformation of the part and indicates areas of high stress by 
cracking at right angles to the maximum principal tensile 
strains This brittle lacquer may be applied to all types of 
machine elements. 

A better casting design is achieved when the metal is removed 
from the redundant elements and from the points of inflection 


and placed at points of maximum moment 


INTRODUCTION 


For centuries artisans have recognized the advan- 
tages inherent in the casting process whereby com- 
plex metal objects could be formed by the simple 
technique of pouring molten metal into a mold. The 
modern production casting requires the team work 
of a group of specialists and may be variously defined: 
(1) to the Purchasing Agent it is simply $.60 a pound; 
(2) to the designer it is a solidified dream; (3) to 
the foundry it is a riser here and a gate there; (4) to 
the metallurgist it is alloy “X”, tensile strength “Y”; 
(5) to production it is just so many templates, jigs, 
and fixtures; (6) to the engineer it is a structural 
component; (7) to the stress analyst it is a part full 
of holes, ribs, and fillets; (8) in the stock room it is 
a gear case, number XXX; and (9) to the manage- 
ment it is a headache — only 500 units a day. 

The shape of a well designed casting is determined 
by service requirements. An ornamental casting, to 
be marketable, should be pleasing to the eye. The 
designer's ability to produce an artistic design will 
be reflected in the geometry of the casting. Too fre- 
quently, artistic design concepts are applied to the 


design of machine elements — beauty is largely a 
matter of opinion, but load-carrying ability is not. 
Good structural design looks good — to an experi- 


enced designer. The endurance strength of a machine 
element is as closely related to design as it is to the 
metal from which it is made. 


Today, a structure is cast when its shape has be. 
come so complicated that it cannot be produced 
economically by any other process. Thus, the casting 
process inadvertently promotes more complex ma- 
chine designs than otherwise would be possible. This 
is unfortunate as far as the strength of the casting 
is concerned because the shape of the structure estab. 
lishes its stress distribution. At the author’s plant we 
have found that the simpler the casting design, the 
greater will be its load carrying ability because the 
stress distribution within the structure is more ap- 
parent to the designer. 

The foundry may be concerned primarily with the 
pouring of a sound casting but the engine builder's 
chief concern is the endurance strength of the cast- 
ing; for if it will not support the applied loads for 
the life of the machine, service difficulties are inev- 
itable. In this regard, the internal-combustion engine 
is probably the most brutal fatigue machine ever 
devised. It is rated according to its ability to create 
high cyclic loads. The design of its components must 
be based on the strength of materials under repeated 
loading. 

The development of a new engine formerly re 
quired years of “cut-and-try” design procedure before 
it emerged as a satisfactory production pilot model 
\ long list of fatigue failures were considered inev- 
itable. The design of an engine component had two 
ratings: (1) it was either good enough; or (2) it 
broke. A bad design was like a rotten egg — its 
quality was apparent to everyone after it was broken. 


Stress Analysis Employed 


By employing the techniques available in the field 
of experimental stress analysis, the weak links in a 
structure can now be discovered prior to service fail- 
ure. Design analysis by direct strain measurement on 
the component is a fundamental approach to the 
design problem. When the stress-coat, photo-elastic, 
and wire strain-gage techniques are employed, the 
strencth of an indeterminate structure may be pre 
dicted much in the same manner that the quality of 
an egg is determined by “candling.” The geometry 
of a new component is based on fundamental strength 
concepts and less on “history.” Engine components 
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Fig. 4—Fins had to be removed from a cylinder head to 
investigate strains set up by gas pressure. 


Fig. 5—Overhead camshaft and housing assembly at- 
tached to cylinder heads in performing a stress analysts 
test. 











LicgHt METAL Cas 


superior in strength and lighter in weight, may }, 
developed in short order through the us¢ these 
powerful design tools. The manufacture engine 
components to withstand fatigue should longer 
challenge the ingenuity and patience of engine bujjg. 


ers. The purpose of this paper is to review lesign 
changes made in some highly stressed engin aStings 
in order to eliminate service difficulties. Simplifyino 
the casting design invariably resulted in rene 
serviceability. - 


MeETHOps OF DESIGN ANALYSIS 


Service testing of an engine component js the 
“proof-of-the-pudding.” An engine component may 
wear out, but it should not break. Service testino * 
a necessary phase in an engine’s development, by; 
the running of parts to failure in the full scale engin, 
is a very expensive, time-consuming, and destructiy, 
method of design evaluation. Every design prior t 
service testing, used to be largely a matter of opinio 
The design criterion was, “when a part does not fa 
it is too heavy — when it does fail it is too light’ 
Thus, a part’s endurance strength erroneousl) 
came associated with its weight, and as a result 
strength was always marginal. Design improvements 
had to follow the “cut-and-try” route and optimun 
designs seldom were achieved. 

Accelerated fatigue testing of full scale engine co 
ponents in a fatigue machine is a time saver cor 
pared to full scale engine endurance testing, but it 
still a destructive method of design analysis wheret 
all available parts and machines are broken as quickly 
as possible. This method breaks the egg in order t 
determine its quality. 
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Fig. 6—Arrows indicate 
with the brittle lacquer test. 


Fig. 7—Note the well blended sections in the new design 
g g 
compared with the old design. Stress reduction of 55 


per cent was gained in redesign. 
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Fig. 8—Original aluminum aircraft engine cra 
conventional in-line design with well-ribbed 


Fig. 9—Crankcase in Fig. 8 redesigned rem 


from critical area helow stud, but crankca 


endurance test. 


/ 10—Crankcase design No. 3 with stress re 
15 per cent with elimination of rib failures. 


Fig 11—Design No. 2 (Fig. 9) modified by ad 
niolding clay to indicate desired contours. 
Fig. 8 


/ 12—Note well blended sections of actu 
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heoretical approach to the design of engine 
nts by accepted text book methods is wholly 
te. When properly applied, mathematics is 
ul tool, but even in the hands of an expert 
break the shell of a complex engine casting 
11 its stress distribution. The classical theo 
equations most frequently used are based on 


tatically loaded structures and do not apply 


plex engine structures. A structural failure 

statically applied load correlates 

fatigue failure. The basic concept neglected 

lying theoretical formulas to the design of a 

element is that a part will fail in fatigue 

point of highest stress concentration, regardless 

ross-sectional area at that point. A stress con 

yn then, may be likened to a potato in a bin 

good potatoes —if given time it will ruin 

whole works. 

Brittle Lacquer Test Most Practical 

lay, we are using the experimental strain tech- 

stresscoat, in the design analysis of engine 

mponents because it is the most practical and eff- 

ient tool available. The method is non-destructive. 

‘ull-scale engine parts may be tested and later used 
n the engine. This is important because all experi- 
mental parts are expensive. Thus, the good eggs may 

» set aside for future use while the bad eggs are 
ejected — scientifically. 

The brittle lacquer coating is sprayed on the part 
to be tested (Fig. 1) and allowed to dry overnight. 
\fter the coating has dried, the part is placed on a 
loading fixture and simulated service loads are applied 
inder controlled atmospheric conditions. As the 
loads are applied to the part the brittle coating fol- 
lows the deformation of the part and indicates areas 
of high stress by cracking at right angles to the maxi- 
mum principal tensile strains. A red dye etchant 
may be applied in order to increase the visibility of 
the cracks. 

Quantitative strain measurements are made by cali- 
brating the coating on a standard cantilever beam 
fixture. This brittle lacquer may be applied to all 
types of machine elements (Fig. 2). The engine 
structure is generally utilized as the loading fixture 
Fig. 3). Successively increasing loads are applied 
until incipient cracks appear in the coating. Since no 
design analysis is better than its load analysis, the 
most critical loading condition is established by ex- 
perimentation before the stress analysis of a compo- 
nent is attempted. When a service fracture has oc- 
urred prior to design analysis the critical loading 
condition is affirmed when the resulting strain pattern 
Telates with the fracture. 


seldom 


Brittle Lacquer Test Non-destructive 

The brittle lacquer method of design analysis is 
non-destructive because it indicates strains that are 
well below the yield point of the material. However, 
sometimes the usefulness of a component must be 
impaired in order to determine the stress distribution 
of the basic structure. The fins had to be removed 
from an aluminum cylinder head (Fig. 4) in order 
9 Investigate the strains imposed by gas pressure. 
The critical areas were located and have been found 
'o correlate with service fractures. 


Fig. 13—Ribless magnesium crankcase with twice th 
endurance strength of former ribbed aluminum design 
and 25 per cent lighter than the aluminum design. 


DESIGN SIMPLIFICATION 


During the development of a high output 12 
cylinder military aircraft engine, cracks appeared in 


the internal “strengthening” ribs of the aluminum 
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Fig. 14—Stress distribution of ribs shown was good and 
maximum stress level was below endurance limit of the 
material. 


camshaft housing. The overhead camshaft and hous- 
ing assembly were attached to the cylinder heads as 
shown (Fig. 5). The arrows (Fig 6) indicate that 
the fatigue failure correlated with the brittle lacquer 
test. The test was made by applying cylinder pressure 
to a single cylinder. The housing was redesigned and 
the ribs were removed since they were acting as stress- 
raisers. Note the well blended sections in the new de- 
sign compared with the old design (Fig. 7). A stress 
reduction of 55 per cent was obtained and the failures 
were eliminated without increasing the weight of the 
part. Contrary to popular opinion, the removal of the 
ribs did not increase the casting’s flexibility. 

The original aluminum crankcase for the military 
aircraft engine was of conventional in-line design with 
well-ribbed sections (Fig. 8). Gas and inertia loads 
were transmitted from the main bearing cap to the 
studs, down the studs, and directly to the cylinder 
deck. The failure (Fig. 8, Section A-A) was due to 
the stress concentration at the end of the stud. The 
stud design was changed: longer studs, shorter studs, 
shoulder studs, hollow studs, tapered studs, and studs 





LIGHT METAL CASTING !)p< 


having modified thread forms were tried. Some im- 
provement was noted, but failures in the casting c 

tinued at the end of the stud. A new casting design 
was proposed which would change the stress pat 
from the stud to the cylinder deck. Metal was removed 
from the critical area below the stud, but the crank: 
case failed in an endurance test (Fig. 9). A partial 
success was obtained, however, since the failure did 
not occur at the end of the troublesome stud. A brit 
tle lacquer test on crankcase design number two was 
made by applying hydraulic pressure to a single cylin 
der. High thin ribs again were found to be acting a 
stress-raisers. In order to correct this difficulty, crank- 
case design number three was made (Fig. 10). Note 
the changes in the proportions of the ribs in the dia 
phragm section. A stress reduction of 45 per cent was 
obtained and the rib failures were eliminated. Since 
high thin ribs were found to be undesirable, a ribles 
design was proposed. An existing casting of design 
number two was reworked and modified by the a: 
dition of molding clay in order to indicate the desired 
contours (Fig. 11). Figure 12 shows the well blended 
sections of the actual casting. The elimination of the 
sidewall ribs and the redistribution of the metal It 
sulted in a stronger, lighter, and more rigid crankcas 
that cost less to produce, was easier to cast and t 
clean. These ribless casting designs emphasize th 
importance of the efficient distribution. of metal. 
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Fig. 17—High tensile prestress in spotface of a main 
bearing resulted in fatigue failure (A). Redesign (B) 
of (A) also failed in spotface. Design (C) with raised 
bosses on original design eliminated high tensile pre- 
stresses and ultimate failure. 
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Fig. 18—Wooden mock-up of proposed design. A typi- Th 


cal crankcase bay is shown. an 







































Molding clay applied to mock-up, A, (Fig. 18) 
mplete structural details. Finished casting is shown 





1 better casting design ts achieved when the metal ts 
ved from redundant elements and from the point 
f inflection and placed at points of maximum mo- 
ent. Bending moments are generally maximum at 
intersections, therefore large fillets and gradual 
transition in wall sections will increase the load-carry- 
ng ability of the casting because the stress concentra- 
m is reduced and the section modulus is increased 

t the critical area. 
he simplification of casting design permits the use 
{magnesium in highly loaded engine structures such 
s crankcases and results in further weight savings. 
When the metal is more efficiently distributed through 
the use of larger fillets, the stress concentration is not 
nly reduced and the section modulus increased, but 
v modulus of elasticity of the magnesium metal 
ore than offset by the increased rigidity of the 
ructure. A ribless crankcase (Fig. 13) was cast in 
ignesium and had twice the endurance strength of 
iormer ribbed aluminum design, and yet was 25 
nt lighter than the aluminum design. Partial 
val of ribs is not recommended because the re- 
aining ribs will be overstressed. The internal ribs 
the aluminum crankcase (Fig. 13) were stresscoated. 
The stress distribution in these ribs was good (Fig. 14) 
ind the maximum stress level was below the endur- 


. 
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ance limit of the material. In order to reduce weight, 
most of the ribs were removed “since they were acting 
as stress-raisers anyway” (Fig. 15). There was no 
redistribution of metal, however, and the stress on the 
remaining rib was more than doubled in value and 
service failures were encountered. 


Stress Concentrations in Castings 


Attention must be directed to small details because 
spots 


the strength of a casting is limited by the “sore’ 
(stress concentrations) regardless of the cross-sectional 
area present. In light metal alloys spotface designs 
require particular attention. Three types are illustrat 
ed (Fig. 16); (1) flange external of wall, (2) flange 
internal of wall, and (3) flange on centerline of wall. 
In type (1) the bending moment is maximum at the 
point of maximum stress concentration and maximum 
tensile pre-stress from the bolt-fastening. Small cyclic 
loads doom this design to failure. When the flange 
fastening is internal of the wall, type (2), the stress 
distribution is improved but local bending cannot be 
avoided in the wall sections above the spotface. The 
lighter design, type (3), is considered the most effici- 
ent design; the flange is stiffer, has minimum bending 
moment, incorporates a larger fillet in the spotface, 
and does not require bending. A superior fastening 
design is achieved, however, when the spotface is elim- 
inated entirely. A high tensile prestress in the spot- 
face of an aluminum main bearing cap resulted in the 
fatigue failure as indicated (Fig. 17-A). Main bear- 
ing cap “B” was a “built up” version of cap “A” but 
it failed also in the spotface. Raised bosses were pro- 
vided on the original design (cap “C’’), the high ten- 
sile pre-stresses were removed, and the failures were 
eliminated. 

Studs and thread forms also require special design 
consideration. A stud in a blind hole presents a ser- 
ious stress condition (Fig.8). High stress concentra- 
tion is inherent due to the thread form, but when 
the stud is tightened the condition is aggravated due 
to the high tensile stress gradient developed at the last 
engaged thread of the stud. As previously indicated, 
there are several approaches to the solution of this 
problem: (1) drill and tap through, if at all possible, 
(2) alter thread form in order to reduce the stress 
concentration factor, (3) modify the design of the 
stud in order to reduce the stress gradient (drill the 
end of the stud and taper the threads at the very end 
of the stud), and (4) alter the stress distribution in 
the casting by changing the casting design. 


Wooden Mock-up Used 


The procedure used to obtain a simplified casting 
design, free of serious stress concentrations is to make 
a wooden mock-up of the proposed design. Note the 
typical crankcase bay (Fig. 18). Next, molding 
clay is applied to complete the structural details (Fig 
19-A). Detail drawings of the model are made from 
templates cut to fit the model’s contours. The finished 
casting is shown in Fig. 19-B and is a faithful repro- 
duction of the model. This design procedure will re- 
sult in (1) reduction in the designer’s drafting time, 
(2) simpler pattern equipment, (3) a design that 
is easier to cast, (4) a stronger casting, (5) a more 
economical casting because it is (6) lighter. 
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DISCUSSION 


Chairman: R. T. Woop, American Magnesium Corp., Cleve 

land 

Co-Chairman: HiraM Brown, Solar Aircraft Corp., Des Moines, 

Iowa 

CHAIRMAN Woop: The question I have is regarding the value 
of compressive prestressing. What is the value of shot peening on 
perhaps sand blasting magnesium or aluminum surfaces in order 
to increase the compressive prestress? 

Mr. Bean: Cold-working magnesium either by machining 
shot peening, or sand blasting is beneficial—the endurance of the 
material is increased. The benefits obtained by cold working 
a surface are two-fold: (1) the physical properties at the surface 
are improved and (2) surface compressive prestress is obtained. 
Magnesium, however, due to its low yield point at engine oper- 
ating temperatures, is not likely to retain much of the surface 
compressive prestress. Therefore, magnesium castings should be 
more residual stress-free than aluminum castings. High residual 
tensile stresses are detrimental to the endurance strength of cast- 
ings from either alloy 

Our service experience with aluminum indicates that the 
chilled surface of the casting is superior to cold-worked surfaces. 
It seems that the cast surface, if smooth, should not be disturbed. 
At Continental we are quite particular about burring operaions 
on highly stressed engine castings and are of the opinion that most 
foundries do an excessive amount of aimless burring. Flash should 
be removed, but the cast surface should be left alone. Burring to 
remove flaws should be done at the option of the manufacturer 
and not the foundry. 

C. E. Netson*: I would like to ask Mr. Bean if he would care 
to make any kind of statement as to the importance of the proper 
design in a casting as compared to metallurgical factors like grain 
size Or porosity or something of that sort in light metal castings 
with respect to serviceability. 

Mr. BEAN: We have good metals—the metallurgist has been 
doing a splendid job. He has been doing his job much better than 
the designers have. Yet, in times past, the metallurgist did not 
question design and therefore was hard put to select a material 
that would make a poor design work. His testing methods did not 
evaluate design—they evaluated the quality of a material. If a 
good material failed due to poor design he had to come up with 
a better material—and quite frequently did! 

Now, largely due to new techniques in the field of design 
analysis, our approach to the solution of a service failure is diff- 
erent: First, we question the design and second, the metallurgy. 
To illustrate the importance of both factors the following personal 
experience is related: In the aluminum camshaft housing which 
previously was discussed, the internal ribs had been failing in 
fatigue as indicated. The stress department came up with a new 
rib profile which resulted in a 17 per cent reduction in stress. 
Since this new profile could be obtained by modifying an existing 
casting, the design was endurance tested immediately. It broke 
much sooner than the original design and perturbed the stress 
boys no end! Because we believed the design analysis was satis- 
factory, an investigation of the material was made. The Brinell 
hardness checked O.K. In fact, it was identical with that of the 
first casting. Test bars from the two castings were up to specifi- 
cations. Elongation was satisfactory. Samples from each casting 
checked as far as chemical analysis. The microstructure was nor- 
mal. X-ray showed slightly more porosity in the latter casting. 
Maybe that was the answer, but then, other castings were per- 
forming satisfactorily in spite of porosity. Summing up, we had 
not learned a thing from the metallurgical investigation thus far. 


1 Dow Chemical Co., Midland, Mich 
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The author, therefore, took a 4-ft. piece of 2-in. pipe 
ceeded to break up the remains of the two castings 
method revealed some important evidence: The origir 
would bend upon impact while the modified casting w: 
and remember, the test bars that were pulled had ind 
same elongation! Upon questioning the purchasing 
found that a different foundry had cast the second cams 
ing—at last I was getting somewhere. Test coupons cut 
casting from the new source indicated a tensile stre: 
where from 17,000 to 25,000 psi. with a BHN of 80. 7 
from the original source, when tested, indicated a tensil: 
between 36,000 and 40,000 psi, with a BHN of 80. 

Fortified with test coupons from each casting, I we 
new foundry and sought out the plant superintendent. | 
sample on the floor and bent it by stamping upon it, sayi: 
represented a casting from another foundry. I then 
second sample on the floor saying, “This is from your { 
When I came down on it with my heel, it snapped into tw 
I said, ‘“ Tell me, what is the difference?” 

He said, “Come to the laboratory and I will let you talk 
metallurgist.” 

I said, “Let us talk to the men in the foundry wh 
these castings.” The men were located and the discussior 
nowhere until one said, “Your pattern equipment is in |! 
dition. The casting was difficult to pour.” TI said, “O.K 
some reason the other foundry could pour good castings 
He said, “Well, we poured it all right too, but we had 
the metal temperature about 200° F. to do it.” 

I didn’t know what they had done but whatever it was 
reduced the endurance strength of the casting and it was 1 
caught in the laboratory. We learned from this experience t 


more concerned about the quality of the material as received j 


a fabricated structure than in the test bar. Test bars have t! 
place and will yield fundamental information to the metallurg 
but we do not build engines out of test bars. 

Referring again to magnesium castings, we are quite concern 


about surface characteristics as revealed by visual inspection. Eve 


though internal shrinkage may be present, our experience | 
been that if the surface is smooth and not interrupted by fla 
good endurance characteristics will be obtained. On the ot 


hand, castings with no shrinkage and with superior tensile pro 


erties but with poor surface characteristics are no good at 
If foreign matter such as flux breaks through the surface 


tensile strength may not be impaired but the endurance strengt 


assuredly is. I believe the only way to keep foreign material av 
from the surface is to keep it out altogether. 

As for porosity in aluminum, we are not concerned as long 
the density is not affected too much. We endeavor to mainta 
oil-tight castings in the manufacture of engines. We can 
porous castings but prefer that the foundry seal them with met 
More trouble with porosity has been experienced with alumin 
than with magnesium. The magnesium castings generally exhi! 
a more dense structure. 

Finally, we come to the most serious problem of all—pr 
Production engines are sold by the pound. The purchasing age 
battles on the cost per pound front and is hit hard when he 
to use light metal castings. We would use a great deal n 
magnesium and aluminum in our engines if the price were m 
competitive with cast iron. Aircraft engines must fly, theret 
light metals win out in spite of higher prices. 

If more emphasis is placed on the simplification of cast 
design and more is done to improve mass production techniqu 
in the foundry, and if base metal costs are cut, the use of m 
nesium and aluminum by American industry will be greatly « 
panded. 
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been many discussions on the cause f variations 


ical and physical properties of gray iron, but the 
temperature has been generally disregarded 
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ting 


melting temperature, however, has been found te 
ind the following phenomena have been observed: 
temperature affects the chemical composition 
ron melted in a cupola. 
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ting 


elting temperature affects the tensile strength and 

epth of gray cast tron independent of the chemical 
nd the percentage inoculation. 

elting temperature affects the slag composition. 


ubove items can be explained on the basis of a vary 


t of oxidation of the tron during the melting process 


MANY OF THE CAUSES of variations in the chemi- 
and physical properties of gray iron have been 
stigated and the results of these investigations 

ive been widely discussed in foundry publications. 
However, one variable, that of melting temperature, 
which may be assumed to be affected by the summa- 
mn of the changes in coke ratio in this investigation 
rom 5.5:1 to 7:1 plus the uncontrolled variables of 
1 operation, has been greatly disregarded by 
st investigators. The effects of this variable on both 
cal and physical properties are quite great 
the normal variation of melting temperatures 
encountered in the manufacture of cast iron 
1 cupola. 
[he results of this investigation are split into two 
ferent groups of data. The first group determines 
variation of both chemical and physical properties 
the iron with a charge of constant composition. 
arge was constant with respect to the metallic 
nents—steel, pig iron, and foundry scrap—and 
spect to the percentage of carbon and silicon 
ied in these components. The amount of coke 
charge was varied to change the tapping tem- 
Because of the dependency of physical prop- 
on chemical composition and inoculating addi- 
the second group of data contains the results of 
mn of physical properties with tapping tempera- 
t constant chemical composition of the iron plus 
tant percentage of inoculating addition. 
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CUPOLA MELT 





ING PHENOMENA 


By 


and D. W. Gunther 


Tapping Temperature Used 
In this investigation the tapping temperature was 
the 
cupola was intermittent, the following method was 


recorded throughout. Since the operation of 
used to obtain temperature readings comparable to a 
continuously tapping unit: Results on taps greater 
than 3000 Ib were the only ones considered, and all 
tapping temperatures were taken less than one minute 
before the cupola was plugged. In this manner cool 
ing effects in the basin were minimized. It is probable 
that a fairly constant relationship holds between the 
temperature of the iron passing through the free 
oxygen zone during melting (defined as melting tem- 
perature in this report) and the tapping temperatures 
taken as described above. From this, a high melting 
temperature is inferred from a high tapping tempera 
ture, and vice versa. 

Melting temperature is the point of departure in 
this report; the variation in coke charged accounted 
for most of this temperature variation. The tapping 
temperatures, which are correlated with the physical 
and chemical properties of the resultant iron, can then 
be assumed to indicate the temperature at which any 
proposed oxidizing reactions occur. 

The results are shown in both tabular and graphi- 
cal form. In order to simplify the presentation the 
average results + limits to indicate uncertainty of the 
average are given. This method is briefly discussed 
in the Appendix. 

The first investigation was conducted on a charge 
used to melt iron with a $0,000 psi minimum for the 
tensile strength test. The following variables were 
held constant: the composition of the metallic charge, 
the blast volume, the cupola diameter at 60 in., and 
the amount of the limestone addition. 


Slag Specimens Prepared 


Chemical and physical tests were taken on each test 
bar poured during this investigation, and a slag 
sample was taken with a slag-spoon about a minut 
before the tap was made. For basic slag a rough cor 
relation exists between the surface appearance and 
the iron oxide content; a similar relationship was 
assumed to exist for the acid slag of a cupola. A set 
of ten different cupola slags was selected to best repre- 
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Fig. 1—Effect of tapping temperature on total carbon 

content, melt silicon (estimated by subtracting inocu- 

lant silicon from total silicon), and tensile strength 

of an ASTM Designation: A 48-41 Gray Cast Iron. 

The composition of the metallic cupola charge was 
held constant. 


sent the complete variation of surface colors. The 
change in coloration was checked against the iron 
oxide content as the color of the slag turned from 
white, tan, tan-black, black, to dull gray (appearance 
designation from A to J). 

The data showing the variation in carbon content, 
silicon content, tensile strength, chill depth, and slag 
appearance are tabulated in Tables 1, 2, and 3 and 
are plotted in Figs. 1, 2, and 3. The following facts 
can be observed about the chemical composition of 
the iron and slag from these data: 

1. The carbon content decreases as the tapping 
temperature decreases. 

2. The silicon content decreases as the tapping 
temperature decreases. 

5. The iron oxide content of the slag increases 
as the tapping temperature decreases. 

The data for the silicon content, given in Table 1, 
show the greatest variation. This is probably due to 
the method of calculating the melt silicon content 
from the final analysis. Both the error in the per- 
centage of the addition and the error in the amount 
of inoculant dissolved would be included in the + 
limits for the melt silicon. The data for the chill 


TABLE 1.—EFFECT OF TAPPING TEMPERATURE ON CAR- 
BON AND SILICON CONTENT AND TENSILE STRENGTH OF 
A 48-41 Gray Cast IRON 


Che composition of the metallic charge was held constant. 
(Results given for Ps = 0.90) 





Tapping Tensile 
Temperature, No. Strength, 
°F Samples Carbon, % Silicon, % psi 
2640 3 $.08 + .10 1.69 + 24 42,000 + 1320 
2660 6 3.14 + 07 161 + .14 40,600 + 1,140 
2680 12 3.17 + .03 166+ .09 40,100 + 1,140 
2700 13 3.25 + .03 1.67+ .07 39,300 + 1,310 
2720 13 $3.25 + .04 1.70+ .11 39,100 + 1,180 
2740 6 3.27 + 04 197+ .15 36,900 + 1,580 
2760 } 3.32 + .05 189+ .10 35,600 + 1,250 


6 
2780 4 3.34 + .19 185+ .18 35,100 + 7,100 
2800 4 3.37 + .13 189+ 25 34,300 + 1,330 
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laste 2—Errecr or TApPING TEMPERATURE C; 
DeptH oF A 48-41 Gray Cast IRON 


The composition of the metallic charge was held « 
(Results given for Ps = 0.90) 











125% Ca-Si-Ti .125° Cann 
Tapping .125%Ca-Si-Ti .10/.15% Fe-Si = .20/ 40% Fes 
Temperature, Chill No. Chill No. Chill ‘ 
°F Depth* Samples Depth* Samples Depth* Samp), 
2640 42 + 
2660 42207 & 4.0 = 9 
2680 47213 & 43+0.4 23 3.7 3 
2700 5$+10 7 $7+03 34 29 + 
2720 4.7+06 15 35+04 34 3.0 + 
2740 46+05 17 $4+03 43 2.8 + { 
2760 $8+05 23 3.0+04 28 23 + 
2780 31406 16 27206 24 + | 
2800 32207 3 1S8+10 6 


* Chill depth measurements are recorded in sixteenths-of 
inch. 





depth given in Table 2 show large + limits. A dete 
mination of the standard deviation of the chill tey 
reveals that the large + limits in Table 2 are main); 
due to the inaccuracy of the chill test itself. 


Molten Iron Oxidizes 


Since the source of iron oxide in the slag is th 
iron in the charge, it is not unreasonable to assum: 
that the increase of iron oxide in the slag is the resu 
of an oxidation of the molten iron. The decrease 
both the carbon and silicon contents accompanies i 
increase in the iron oxide content of the slag. 

The dizection of temperature dependence of thes 
trends further corroborates the assumption of an oxi: 
dation on the basis of four simple oxidation reaction: 
which follow below. The question of carbon solu: 
bility at different temperatures must also be con 
sidered. These reactions are valid in the temperature 
ranges of 1500 Kelvin (approx. 2250 F) and 2200 ke 
vin (approx. 3500 F).!:2 
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Fig. 2—Effect of tapping temperature and inoculaii0’ 

treatment on the chill depth of ASTM Designatw" 

A 48-41 Gray Cast Iron. The composition of 

metallic cupola charge was held constant. ote ' 

required use of large quantities of inoculani at \% 

tapping temperatures in order to maintain satis/acto” 
chill depths. 
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I ( Frrecr OF TAPPING TEMPERATURE ON SLAG 
a APPEARANCE 
| - 
“a Slag Designation* 
" 1 BC DE I GH I 
i) ‘a at ae 1to 5% 2 to 8% 4to0 12% 
) t FeO FeO FeO 
a 1 3 , 
: ] 3 6 l 
| 5 2 2 7 
2 3 } 8 13 6 6 
i 2 & 8 6 8 7 8 
13 7 5 9 g$ 2 
6 ll 13 6 l l l 
1 9 12 6 6 9 i 
ll ll l 4 2 
5 2 l l l 


s refer to frequency of occurrence. 
teen ths-of : classified by appearance with colors running from 
tan-black, black, to dull gray with letters running 
| respectively. 





s. Ad a ; . , 
; liq.) + % O, = FeO (liq.) 
. 4 Ail 8710 7 
are ma K i 0.) 92 
) 1q Fe) + O, = SiO, (solid) 
K 31200 poe 
ma) 
I / 
slag is the C (liq. Fe) + O, = CO, 
to assun 19880 
» oh fa K _ 1.282 
s the res I 
decrease . & lig Fe) +1 6 O, == €3) 
npani¢ 5330 4 
en ¢ K a + S000 
y, I 
ne of thes ). C (graphite) = C (liq. Fe) 
, 188 aie 
of an log K - -- 3.668. 
1 reactions I 
rbon s iere K is the equilibrium constant for the reaction, 


o be co is temperature of the reaction in degrees Kelvin, 

mperatu! | log K is the Briggs logarithm of the numerical 

| 2900 K ilue of K, the value of the equilibrium constant for 
reaction. 


\s 7 increases for reactions (1), (2), (3), and (4), 
—>; K decreases and K decreases. As T increases for 
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Effect of tapping temperature on slag type 
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id Slag type classified by appearance, per cent 
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Fig. 4—Frequency distribution of tapping tempera 
tures taken during the test with a constant charge 
composition. 


reaction (5), the log K increases and K decreases. ‘I he 
oxidation of iron, carbon, and silicon by these reactions 
would be more likely at 2660 F than at 2800 F. Reac- 
tion (5) indicates an increasing solubility of carbon at 
higher temperatures, but the change in K is not great 
for this reaction because the standard heat content 
value (included in the coefficient of 1/T) is very low. 
Any textbook on the thermodynamics of chemical 
reactions will explain the principles of the tempera 
ture variation of these reactions.® 

Two important facts concerning the physical prop 
erties of the iron can be noted from these data: 
(1) cast iron can be melted to conform to A.S.T.M. 
designation A 48-41, classes 30, 35, or 40 by altering 
the tapping temperature of the iron and without 
changing the metallic composition of the charge; 
(2) the chill depth increases considerably at low tap- 
ping temperatures. 


Cupola Tapping Temperatures 


Che distribution of tapping temperature of a cupola 
must be considered. The tapping temperatures occur- 
ring during this test (taken from Table 2) are tabu- 
Although 
different coke additions were used, their effect was 


lated in Table 4 and are shown in Fig. 4. 


mainly one of increasing the spread of temperatures. 
It is probable that 100 F will cover the temperature 
variation of most cupolas under accurately controlled 


TABLE 4.—DISTRIBUTION OF ‘TAPPING ] EMPERATURES 
TAKEN DURING THE TEST WITH A CONSTANT CHARGE 
COMPOSITION 





Tapping Temperatures, °} Frequency 


2640 10 
2669 23 
2680 71 
2700 75 
2720 81 
2740 75 
2760 61 
2780 35 
2800 15 
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Fig. 5—Effect of tapping temperature on the carbon 
content and tensile strength of an ASTM Designa 
tion: A 48-41 Gray Cast Iron. The composition of 
the charge was adjusted from day to day to meet pro- 


duction requirements. 


conditions with a constant coke addition. The varia- 
tion of both physical and chemical properties within 
the determined range of temperatures must then be 
considered. 

A further check of the results of a six-month pro 
duction run is tabulated in Table 5 and is plotted in 
Fig. 5. During this interval the attempt was made 
throughout various charge changes to control the car- 
bon percentage of the resulting iron between 3.15 and 
3.28 per cent. However, the silicon content of the 
charge was varied considerably during this period to 
suit various production requirements, and the test 
bar results for silicon content cannot be used. The 
carbon content and tensile strength show very good 
relationship with tapping temperature. The larger 
number of samples included in this period as com- 
pared with the number of samples taken during the 
test using a constant composition reduce the + limits 
of both the carbon content and tensile strength con- 
siderably. ‘These data also demonstrate the role of 
tapping temperature in normal production operations. 


TABLE 5.—EFFECT OF TAPPING TEMPERATURE ON THI 
CARBON CONTENT AND TENSILE STRENGTH OF A 48-4] 
Gray Cast IRON 
The composition of the charge was adjusted from day to day 
to fit production requirements; it was attempted to hold the 
carbon content between 3.15 per cent to 3.28 per cent and to 


vary the silicon content. 
(Results given for Ps 0.90) 





lapping 


Temperature, No. 
°F Samples Carbon, % Fensile Strength, psi 
2660 12 3.12 + .03 40,800 + 780 
2680 37 $3.17 + .02 38,800 + 620 
2700 36 $22 + 02 38,200 + 760 
2720 24 $.23 + .03 $7,800 + 890 
2740 13 $3.27 + .03 36,300 + 920 
2760 ll $3.29 + .05 36,600 + 1,370 
2780 6 $3.37 + 11 $4,700 + 3,820 
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CaO in Slag Approaches Maximum 


A series of slag samples was collected a: 
tapping temperatures during the latter test 
stone of the charge was varied from two p 
four per cent of the metallic charge wei 
analyses of these samples are grouped into 
ping temperature ranges in Table 6, and the 
converted to a 100 per cent FeO, CaO, and SiO 
produce a three phase diagram as shown in | 
[he grouping of the various analyses into ten 
bands reveals a liquidus surface of the CaO-Fe(Q.s\ 
system in the range of cupola slags. It was a 
during these tests that doubling the limesto 
tion did not double the per cent CaO in the 
most. the increase in per cent CaO approaches a 1 
mum of 35 per cent, and additional limestor 
in bad erosion of the cupola basin. 

Since the physical properties are affected 
chemical properties of the iron, the effect of tap, 
temperature on physical properties, only, 
checked with results of equivalent chemical co 
tion. The second investigation was conducted for | 
purpose, and the results of all test bars poured ji 
given period were checked for a chemical ana 
corresponding to 3.80 to 3.95 per cent carbon eq 
lent. The physical properties corresponding to 
selected tests were tabulated, and the results of tens 
strength and chjll depth versus tapping temperat 


are given in Tables 7 and 8 and are plotted in Fig 


7 and 8. 

Che variable of inoculation percentage had | 
held constant for these results in order to obtain be 
correlation. A pronounced increase in chill de 
explains the use of the common term, “hard” 
“oxidized” iron. The reason for the variation i: 
sile strength is obscure; the variation in the slop 
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Fig. 6—Constitutional diagram of cupola slags. 

components reduced to a 100 per cent FeO-Ca0-” 

basis. Zone A, tapping temperatures 2740-2780 ! 
Zone B, 2700-2720 F; Zone C, 2640-2680 F. 
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es at different inoculation amounts cannot 
ly explained at present. 





Conclusions 


wing points can be summarized from the 
s obtained: 
tapping temperature (melting temperature 
SiO, | lefined in the first part of the report) affects the 
ymposition of gray cast iron melted in a 


composition of the cupola slag, especially 

FeO content, is affected by the tapping temperature. 
[he temperature dependence of the carbon and 
ntents of the iron and of the FeO content of 

he in be explained on the basis of a varying 
mount of oxidation of the iron during the melting 


rhe reduction of chill depth by use of inocu- 
f tay ts can then be explained partially on the basis of 
tion, as powerful deoxidizing elements are con- 
in most commercial inoculants. Although this 
ils with data that were taken using a Ca-Si-Ti 
ured jj of inoculant, any of the other common silicon 
| types containing aluminum, nickel, zirconium, 
a ire satisfactory for reducing chill depth. 
ng to ». The 


] 
ipoia Sia 


composition and surface appearance of 
g is dependent on tapping temperature. 
ors composition of the slag appears to be determined 
A te 1 y a liquidus surface, which is influenced mainly by 
lative amounts of CaO, FeO, and SiO, at any 
temperature. 


tain bett 6. The depth of chill varies with tapping tempera- 
ill de it any constant chemical analysis and with a 
hat ed percentage of inoculation. This variation is such 
Or it if a variable state of oxidation is assumed as an 


slop ‘planation, a higher chill depth occurs with a higher 
of oxidation. 
Che tensile strength varies with tapping tem- 
rature at any constant chemical analysis and with a 
| percentage of inoculation. The variation is not 
isonably explained at present. 
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Fig. 8—Effect of tapping temperature and inoculation 

on the tensile strength of an ASTM Designation: 

A 48-41 Gray Cast Iron with a chemical composition 

of 3.80 to 3.95 per cent carbon equivalent (per cent 

I. C. plus Y, per cent Si). Note beneficial effect of 

correct tnoculating technique and effect of over 
inoculation. 


Appendix 


The values of the observations listed in the tables 
are reported as:* 

X a @ (Ps 

where X is the average value of n observations, o is 


0.90) (n observations), 


the root-mean square deviation about the average X, 
a is a computed numerical value for the given number 
of observations nm and for a given statistical prob- 
ability Ps. Thus for these data, + a o are the limits 
within which X may be expected to lie nine times 
out of ten, in problems involving a sample of n 
observations. 

A result can then be presented as follows: 

Tapping 
Temperature Silicon, % No. Samples Ps 

2720 F 1.70 + 0.11% 13 0.90 

It will be observed that the limits of some of the 
data are large. This is due to a large oa, a large a, or 
a combination of both. Qualitatively, a smaller num- 
ber of samples increases the numerical value of a. 
rhis can be seen in comparing the + limits for per 
cent carbon in Tables 1 and 5. Wherever the + 
limits were found to be large, they are reported as 
such, as it would be unreasonable to expect uniform 
results of averages and limits with so small a number 
of samples. 
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TaBLE 6.—CuroL_a SLAG COMPOSITIONS AT VARIOUS 
TAPPING [TEMPERATURES 





100% 
Tapping CaO + FeO + SiO, 
lemperature, Basis) 
°F %CaO %FeO FSiO» %CaO G%FeO FSiOe 

2680 and Lowe 31.3 1.9 46.0 39.5 2.4 58.1 
34.5 1.4 43.) 43.7 1.8 54.6 
$5.2 1.0 43.7 44.1 1.3 54.6 
252 6.3 45.4 32.8 8.2 59.0 
26.6 6.2 43.3 34.9 8.1 57.0 

28.5 49 44.5 36.6 8.3 57.1 
29.1 2.8 43.6 38.5 3.7 57.8 
28.9 4.7 44.8 36.9 6.0 57.2 
27.1 2.9 44.5 36.3 4.0 59.2 
27.0 1.6 44.5 36.9 2.2 60.8 
36.3 1.4 41.3 46.0 18 52.3 
29.6 2.0 46.6 37.8 2.6 59.8 
33.5 1.9 45.1 41.6 2.4 56.2 
30.1 3.4 42.1 39.8 4.5 55.6 
20.1 8.0 49.4 25.9 10.3 63.5 
18.3 10.8 45.4 24.6 14.5 61.0 
2700-2720 33.0 0.5 46.0 41.6 0.6 57.9 
25.4 1.6 48.3 33.9 2.1 64.5 
34.3 0.4 42.8 44.2 05 55.2 
$2.3 1.8 42.9 41.9 2.3 55.9 
30.8 2.0 45.0 39.6 2.6 58.0 
29.2 1.4 46.5 37.9 1.8 60.3 
32.7 2.0 43.9 42.7 2.6 57.4 
32.0 1.7 44.6 40.9 2.2 57.0 
31.0 2.1 45.4 39.5 2.7 57.9 

31.9 1.9 44.3 40.8 2.4 56. 
$2.2 2.9 45.2 40.1 3.6 56.2 
$2.7 3.3 44.0 40.9 4.1 55.0 
36.8 2.1 41.5 45.8 2.6 51.6 
36.2 2.8 43.0 44.4 2.8 52.8 
33.7 1.4 45.2 42.0 1.7 56.2 
30.0 &, 46.6 38.3 — 59.5 

31.9 3.4 45.0 39.7 42 56.1 
22.0 6.4 47.0 29.2 8.5 62.4 

29.6 4.9 45.9 36.8 6.1 57.1 
2740 and Higher 31.0 1.0 43.5 412 1.3 57.5 
32.4 1.1 42.0 42.8 15 55.7 
$1.0 12 43.0 41.3 1.6 57.2 
26.3 15 50.8 33.5 1.9 64.6 
30.7 1.7 47.3 38.6 2.1 59.3 

29.3 1.9 45.0 38.5 2.5 59.1 
32.4 2.1 43.5 41.6 2.7 55.8 

35.8 15 42.1 45.2 1.9 53.1 
35.2 1.6 41.8 44.8 2.0 53.3 

33.6 19 41.1 43.9 2.5 53.7 
30.6 0.9 44.1 405 1.1 58.2 
26.2 1.6 50.6 33.4 2.0 64.6 
32.8 0.8 43.7 42.4 1.0 56.6 

29.8 1.4 46.0 38.5 1.8 59.6 

34.7 12 42.8 44.1 15 544 

$4.7 1.7 42.8 43.8 2.1 54.1 

31.0 1.3 41.9 41.8 1.8 56.5 

25.9 1.3 51.7 $2.8 1.6 65.6 

26.0 0.9 498 33.5 1.1 64.4 
24.4 0.7 51.0 $2.1 0.9 67.0 
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DISCUSSION 


Chairman: R. G. McE twee, Vanadium Corp. of America, 
Detroit 

Co-Chairman: W. M. Levi, Lynchburg Foundry & Machine 
Co., Radford, Va. 

E. A. Lorta and A. P. THOMPSON’ (written discussion): The 

explanations for cupola melting phenomena are many and in 

some respects complicated by several in:=rvening variables. Cer- 
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‘TABLE 7.—EFFECT OF TAPPING TEMPERATURE ¢ 
DeptH oF A 48-41 Gray Cast IRON WITH 4 ( 
CoMPOSITION OF 3.80% To 3.95% CARBON Eo 

(PER CENT CARBON Pius 14 PER CENT Si 





Results given for P. 0.90) 
195 a. 
Tapping 125% Ca-Si-Ti Plus .1\ 
Temperature, Chill No. Chill 
°F Depth Samples Depth 
2660 3.2 = I 
2680 40+ 1.4 7 3.0 + 0.9 
2700 3.0+ 08 6 26+ 1 
2720 28+15 4 290+ 07 
2740 25215 4 20+03 
2760 24: 43 5 12+ 0.5 
2780 12+08 





TABLE 8.—EFFECT OF TAPPING TEMPERATURE ON TH 
TENSILE STRENGTH OF A 48-41 Gray Cast IRon wry 
A CHEMICAL COMPOSITION OF 3.80% To 3.95% Carn 
EQUIVALENT (PER CENT CARBON PLus 1/4 Per Cry 
SILICON) 
(Results given for Ps 0.90) 





Tapping ‘Tensile strength at different inoculant percentages, ps 


0.125% Ca-Si-Ti 0.125% Ca-Si-] 
Plus .10 Fe-Si Plus .20/.40 Fe-s 


Tempera- 
ture, °F 0.125% Ca-Si-Ti 








2660 37,100 + 740(4)* 39,300 + 1,260 (6)* 
2680 35,500 + 1,630 (3)* 37,100 + 1,040(4) 38,400 + 490 (14 
2700 36,400 + 1,690(5) 37,400 + 1,240(4) 38,200 + 630(1 
2720 37,400 + 1,070(8) 38,300 + 1,450(6) 37,900 + 1,010 
2740 37,500 + 1,710(6) 38,400 + 1,270(7) 

2760 37,800 + 990(7) 38,600 + 890 (6) 

2780 39,300 + 1,220 (6) 


* No. of samples given in parentheses behind tensile streng: 
figure. 





tainly this paper deserves and requires much attention Ws 
need the point of view that the authors have with facilit 
brought to such problems. Their paper invites an almost int 
minable discussion. 

The whole field of slag-metal reactions for cast iron is pra 
tically unexplored and deserving of study because of the rel: 
tionship between such reactions and the type of iron melt 
For example, the acidity or basicity of the slag may determi 
the FeO or SiO, content of the melt, which may in turn aff 
the tendency to under-cool. 

Also, the work of Diepschlag* demonstrated that melting iror 
in contact with aluminous slags had a graphite refining effect 
and melting in contact with silicious slags a coarsening effect 
On the other hand, Morrogh? has shown microscopically th 
cast iron is characterized by the absence of visible oxides an 
silicates under normal conditions. In this respect cast i 
much cleaner than steel and the character of the slag-me' 
equilibria involved make it so. 

The immiscibility of slag and metal increases at lower ope! 
ating temperatures and the effect of the higher carbon conte! 
is to increase the region of immiscibility of slag and met: 
The Fe-C-Si constitution diagram shows that cast iron tenes 
to be melted and cast at much lower temperatures than ste 
In addition, the much higher carbon content of cas. iron facil 
tates the separation of slag. This paper confirms the experience 
of the iron founding industry that slag composition does 
ence the chilling characteristics and the graphite siz 
iron. 

Considering the experimental results more specifically, ‘be 
following questions arise which we would like to refer \ 
authors: 


A 
inti 


1. Since they have shown that oxidation (tapping temper 
ture) is the variable affecting the condition of iron procuce 
te 2 


under identical circumstances, would they care to sp 
to the effects of hydrogen (which varies with the mois 
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he blast) and atmosvheric moisture on the depth chill 

strength? 

the authors’ opinion, would not the presence of 
n cupola melting have a decided influence on chilling 
stics and a correlation with tapping temperature? The 
is that sulphur behaves as a carbide stabilizer only 
the form of FeS but as MnS it behaves neutrally in 

thereby promoting the formation of flake graphite 
es and silicates, particularly FeO, are known to be 
n FeS, so that this compound may remove oxygen by 


ive the authors any data correlating the V’ ratio 

t, SiOg) and hence the effect of slag on chill depth 
ile strength? It is known that the V’ ratio of cupola 
ies between 0.4 and 0.9 but no significant trend of slag 


ies within this range has been reported. 


V’ ratios for the cupola slag compositions at various 
temperatures listed in Table 6 were calculated and 


to vary markedly within the specified range so as to beat 


rent 


nt 


e ( 


arent relationship with tapping temperature or FeO 


Rather the FeO is dependent on temperature and CaO 
of the slag. In general, the higher the CaO content of 


r the stronger the tendency to fix excess oxygen; this may 


Siag 


nnected with a formation of calcium ferrite. 


[he writers agree with the authors’ general conclusion that 


t 


variation in chill depth is associated with a variable state 


f oxidation and would like to present some data to further 
stantiate these statements. In Table A are shown the char- 


s, chemical composition and fusion point determinations 


for slag taken during cupola melting of gray iron for auto 


ive 


blocks, the tapping temperature being in the range 


5-2850° F. For comparison purposes, slag samples A, B, and 


C were taken from silicon carbide-treated cupola mixtures while 


slag 
ampie 


mple 


s 


samples D and E were taken from untreated mixtures; each 


however, being taken at the cupola slag spout. The 
were then analyzed for their chemical constituents 


{ fusion point tests were made by placing 20 grams of each 
g on fusion blocks and heating the samples in a Globar fur- 
The heating rate averaged 248° F. per hours during the 
fusion period. 

As may be seen from Table A, the time and temperature 
were noted when each slag first showed signs of melting, when 
t began to come over the lip of the fusion block and when 
t reached the bottom of the fusion block. The fluidity of each 
slag is indicated by the length of time it takes for the slag to 


ace. 


fABLE A—Chemical Analyses and Fusion Point Results for 
Cupola Slags at Tapping Temperatures of 2775-2850° F. 





A 1.15 


F 7 


Gn 


17 


% % % % Yo % Na2xO0 
g FeO CaO Mg $102 Al:O; MnO +K:;:0 V' Ratio 
27.00 1.04 $2.27 13.14 2.89 2.18 0.52 
).81 26.25 0.95 55.07 11.73 2.67 2.49 0.48 
).72 26.08 1.01 55.25 11.63 2.70 2.42 0.47 
33 28.20 1.01 51.00 12.33 3.65 1.56 0.55 
23.28 0.76 50.34 12.34 4.59 1.59 0.4¢ 
Fusion Point Results 
: i ae Tempera- 


yt 


Time ture 
Inter- Inter- 
art to Melt Start over Lip Down Block val, val, 


i¢ Temp. F. Time Temp. F. Time Temp. F. Min. °F. 














A ‘ 2134 4:05 2143 4:18 2188 13 45 
5 3 2106 4:00 2127 4:30 2233 30 106 
+00 2127 4:15 2178 4:45 2293 30 115 
3:40 2044 3:45 2061 4:29 2230 44 169 
30 2008 3:40 2044 3:56 2109 16 65 
ig A—glassy, spongy, black and friable. Silicon carbide briquettes added 
upola muxture. 
g B—glassy, spongy, gray and friable. Silicon carbide briquettes added 
n pola muxture. 
ag ¢ assy, dense, gray and strong. Silicon carbide briquettes added 
f cupola muxture. 
a assy, spongy, green-gray, and friable. Untreated cupola mixture 
g I assy, spongy, green-black, and friable. Untreated cupola mixture. 
low 


lown the block and the temperature interval. Compared 


‘0 slags D and E, slags A, B, and C are deoxidized to an even 
seater degree and have better fusion point properties. 

_ Since all of these slags were in the authors’ 2750° F. and 
nigher ‘temperature classification range for cupola slags low 
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FeO slag contents would be realized ordinarily. The addition 


of silicon carbide briquettes in the cupola mixture has lowered 
the FeO slag content even further and the effect is especially 
apparent in the reduced depth of chill in these irons.’ * 

Ihe writers’ experience has been that results with respect 
to V’ ratios and slag properties are not too conclusive. The \ 
ratio as used by the iron founding industry is only an empiri 
cal factor which does not tell the complete story of slag behavior 
A more definitive relationship in special slags such as thos« 
described in Table A would probably be obtained by calculating 
the mole fractions per 100 grams of slag of all the basic and 
acidic oxides and then setting up a more complete ratio of base 
to acid oxide ratio on the premise that CaO, MgO, and MnO 
are usually considered bases of equal value, whereas FeO is 
neutral. 

However, this procedure is not devoid of complications for 
the amount of base required to neutralize the amount of acid 
on a molar basis cannot be ascertained with certainty. In view 
of the fact that the cupola is an acid melting medium it may 
be assumed that a 1 mole base: 1 mole SiO, neutralization 
ratio will exist. Also some assumption as to the behavior of the 
amphoteric Al,Ogz in such slags would have to be made 
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E. V. Somers (authors’ reply): 1. The chief effect of hydro 
gen on cast iron can be briefly stated to be that of increasing 
porosity with the accompanying occurrence of gas holes and 
similar defects. References to hydrogen defects are numerous 
in past literature (Zapffe,, Moore and Smith,? Somers and 
Gunther’). The variation of atmospheric moisture content on 
cast iron properties is well discussed in an article by Eash and 
Smith. A cross check of Eash and Smith's data shows the 
effect to be coupled with that of tapping temperature as dis 
cussed in both this report and a similar report by Somers and 
Gunther.’ 

It is our opinion, backed by some experimental evidence, 
that hydrogen pickup is strongly dependent on the melting 
temperature of the iron. Moisture content of the blast affects the 
properties of the iron mainly through the melting temperature 
of the iron, that is, by either increasing the tapping temperature 
or by decreasing the tapping temperature with the coke addition 
and other variables being held constant, the hydrogen content of 
the iron will vary. 

The above would thus indicate what would appear to b« 
“anomolous” behavior during melting—all variables being fixed 
except the moisture content of the blast; a high moisture con 
tent with lower tapping temperatures will oxidize the iron 
while a low moisture content with higher tapping temperatures 
will produce an iron with a greater amount of dissolved hydro 
gen. Other sources of hydrogen pickup by molten iron, such 
as wet ladles, sand, etc., will not be discussed here. 

2. The presence of sulfur may have a decided influence on 
the chilling characteristics of the iron—the sulfur range for al! 
the tests in this report was 0.10 to 0.16 per cent, and no 
observable effect of ‘sulfur on physical properties was deter 
mined for this small range. A correlation exists betwen sulfur 
content and tapping temperature. The higher sulfur contents 
(0.13 to 0.16 per cent) occurred with tapping temperatures above 
2720° F., while the lower sulfur contents (0.10 to 0.12 per cent) 
occurred with tapping temperatures below 2720° F. The sulfur 
content of the metallic charge was not too variable, and the 
above results were not masked by such a variation; the sulfur 
content of the coke was not determined and may have been 
quite variable. 

Attempts have been made to correlate the V’ ratio with 
chill depth and tensile strength. The data on chill depth was 
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inconclusive because of the wide standard deviation accompany 
Ihe data on tensile strength correlated very 
ratio 


ing the chill test. 
well with a + 3 o of less than 2000 psi. for a given \ 
however, the correlation was non-linear, and since we definitely 
lack an explanation for the correlation, we are withholding 
these results. We ratios did not correlat 
with tapping temperature; although the correlation is not too 
good, we were able to plot the three-phase diagram shown in 
Fig. 6. The comment on the dependence of FeO, temperature 
ind CaO content of the slag is quite true—it was the discovery 
of this correlation that eventually led to the three-phase dia 
Further work on slag properties may eventually lead to 
Thompson. The 


disagree that the V’ 


gram 
slag control as discussed by Mr. Loria and M1 


field of cupola slags is very promising 
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CHAIRMAN MCELweer: You show a relationship between tensile 
strength and tapping temperature. Are we to assume that the 
test bars were with a definite differential below the 
temperature shown or did you allow it to come below a definit« 


Moisture and 
I RANSACTIONS 


poured 


pouring temperatures 

Mr. GuNTHER: The temperature was not allowed to go below 
There would be a relationship 
temperature 


a given pouring temperature. 
between the tapping temperature and pouring 

R. P. ScHauss*; I want to know how the temperatures were 
taken, the degree of temperatures, and also how the slag appeat 
ance was figured? In the range of 1 to 5 per cent FeO and 
2 to 8 per cent FeO and 4 to 12 per cent FeO in the slag was 
the FeO content determined just by color? 

Mr. GUNTHER: In answer to the first question concerning 
taking the temperatures, our tapping temperatures are accurate 
within approximately 20° F. They were taken with an optical 
pyrometer which was constantly calibrated; that is, it was daily 
calibrated to maintain satisfactory operation of the instrument 
We feel that experience would indicate we can get an accuracy 
of 20° F. with this pyrometer. 

The second question concerning slag analysis: We had a 
total of 100 different slags analyzed completely. We used several 
hundred samples for getting the data on the surface color. ‘That 
is the way we judged the samples. Of course, at first, we did 
not take a chemical analysis (Fig. 3); these samples were judged 
only on appearance. Undoubtedly, there were influences which 
would effect the appearance other than the iron oxide and 
that is what we attempted to show in the three-dimensional 
equilibrium diagram (Fig. 6) 

Mr. Scuauss: Were those slags which were checked by color 
in a fritted or pancake sample? 

Mr. GuNTHER: They were pancake samples taken with a 
slag spoon a minute before the tap was made during the cupola 
slagging period. We had intermittent slagging and intermittent 
cupola tapping. They were judged on the top surface by color. 

B. P. Mutcany*: From the curves as drawn, are the tem 
peratures directly related to the quantity of coke you added? 

Mr. GuNTHER: The coke was not the only thing that con 
tributed to variation of temperature. The quality of coke, the 
amount of coke and anything else that was incidental besides 
the metallic charge and the blast change would ultimately 
affect the temperature and was reflected in the final tapping 
temperature, 

Mr. Mutcany: In other words, you did not increase the coke 
between charges? 

Mr. Guntuer: We did. I would like to point this out. In 
many cases with higher amounts of coke we had lower tem 
peratures and vice versa, depending upon the coke quality and 
other factors which were not evaluated. 

Mr. Mutcany: Did you also adjust the air? 


2 National Malleable & Steel Castings Co., Cicero, Ill. 
* Consultant, Indianapolis 
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Mr. GUNTHER: No, we did not. The air was kept 
Mr. Mutcany: Should not those curves have be: 
against oxidizing conditions instead of against temperat 
In my opinion and interpretation of the data s 
statements under conclusions that “the tapping ten 
responsible for the chemical compositi 
chill, etc., is erroneous. The p; 


is the tactor 
metal, of the slag 
that certain variables were held constant while the 
was varied to effect the temperature variations en 
This means, of course, that with the air rate constant, « 
of combustion were shifted appreciably in the degree 
tion obtaining. This being so, the change in tempei 
sulting becomes simply one more effect rather than the 
the variations in the factors claimed. Actually it be 
the same category as the metal composition, slag cor 
chill depth, etc. Both the slag and condition of meta! 
show a radical change in oxidizing conditions throug! 
range of metal temperatures given. The content of ir 
in the slag changes radically. In other words, the m¢ 
peratures were coincident to the conditions existing rat 
the fact that it (per se) is the governing influence 
being that in burning coke with a variable amount of 
amount of heat released per pound of coke can vary fr 
Btu. to 14,000 Btu. 
ratio of the CO to CQsz in the resultant gases and con 
changes the degree of oxidation. 

Mr. SoMeRS: You are apparently trying to make an ¢ 
tion on the basis that there would be a smaller am 


oxygen appearing in this so-called oxidation. You are refer: 


to a change in the CO to CQg ratio. 
We have no doubt that this is another variable, and 
a possible second explanation. 


we specify the reaction by the chemical 


\ chemical reaction in order to be definitely specified sh 
to 


have the pressure and temperature appended in order 
nitely show the direction the reaction is to take. 


able thing about this data is that the temperature depender 
theoretically indicates an explanation on the basis of oxidati 


and that this is corroborated by the data. 


Mr. Mutcany: In your frequency curve it shows maximur 


temperature of 2720° F. 


Mr. Somers: That is right. In most cases, you will 
probability distribution similar to the one you have seen the 
Mr. Mutcany: That is correct and to be expected, but 1 
point is that this range of temperatures can exist and yet | 
degree of oxidation will influence composition and character 


tics toa greater extent. 


Mr. Somers: When you are referring to maximum temp¢ 
tures, you will have to specify the limit of variation, is t! 
correct? There is no process by which you make measurem 


ansv 


exactly. You will always have variations. As we stated in 


to the first question, our npyrometer was accurate only wit! 


20 degrees on either side of {he temperature average. 


Mr. Mutcany: I am not questioning the practical limits 
In other wor 


That is a range of alx 


all. I am not raising that as a question. 
show the curve from 2600 to 2800. 

200 degrees, so the question of accuracy does not have a! 
ing on my question. 


Mr. GuNTHER: You have reference, I believe, to the fact 
we did have the probability curve, is that right? In other words 
to the fact that we were attempting to run around 270 
F. These were the operating temperature limits we we! 
We had temperatures running, 0! 


2800 
more or less striving for. 


approximately), which in turn chang 


‘ r 


l 


l 


iff 





However, our conclusions 
based on the fact that there are other variables besides 
chemical components that enter into the reaction. Genera 
components 


The remark 


s 


y | 


example, from 2660 to 2760° F., getting roughly a 100 « 


variation between the lowest and highest tapping temperatu! 
for a given run. We expanded that variation by changing 


amount of coke in order to get the broader probabilit) 


ie., to get a greater temperature spread. 


concern was to see how the temperature change wo 
these variation characteristics we were talking about. 


Mr. Mutcany: That is exactly my point. The temperatur 


cts (hb 


that is coincident with a specific condition which re'l« 
chemical condition as a state of oxidation. 

Mr. GunTHER: That is right, that is the point we 
to make. The temperature reflects the state of oxidatio: 


We were no 
cerned as to how we obtained the temperature changes. 0! 


re 
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ek: I would like to know if the charges going into the 


id the same degree of oxidation suck as if you charge 
pig iron and steel or pig iron and cast scrap. Would 
some effect on the color of your slag? 

GUNTHER: You are right on the effect of the oxide on 
ges and we cannot guarantee that the charges going 
iniform degree of oxide coating. The data was col 
er a long period of time and this gave us a good 
ondition 

Somers: One other point, we did not use bought scrap 
foundry returns, steel rails, and pig iron so that sucl 

s grate bars, etc., were eliminated 

W. Lownie, Jr.*: I wish to make the observation that 
vith Mr. Mulcahy that the authors have not sufficiently 
ed the basic factor which is involved in their tests—th« 
f oxidation of the iron during melting. For example 

rst and sixth conclusions, the authors state that tapping 
ure affects the chemical composition of the iron and 
depth of chill varies with tapping temperature at any 

nstant analysis. Throughout the paper, and in several 
ther conclusions, the authors have related properties of 
and metal to the tapping temperature. Solely for the 
te purpose of this discussion, we will make the assump 

t the tapping temperature as measured by the authors 

indication of the melting temperature, or more properly 

iperheat temperature. Observing that variations in tap 
mperature were accompanied by changes in slag com 

n and changes in the properties of the iron, the authors 
licated that these factors are cause and effect—that one 


e controlled by controlling the other. I feel that a more 


1Isions suDeT 


e remars 
epender 


oxidati 


mn is U s 


inning, | 
100 degr 
eri €Ta . 
, 1g 
i cur 
€ t ¢ 
a es. UV 

# 
( au 
r pDeT 
re ts 

4 

p e trvils 
Ki 


rate viewpoint would be to regard tapping temperature 


heat temperature) also as a coincident effect of various 


litions existing during melting 


ive seen the large number of original data which the 


rs have accumulated during this investigation and believe 


he value of the paper would have been considerably 


need by consideration of the effects as results of the degree 


tion of the metal during melting. The authors obviously 
s effect in mind while conducting the work but have 


1 


ide it clear in their paper. The degree of oxidation of 
etal during melting is hard to evaluate, and is not nearly 
plot as other variables (such as tapping temperature) 

can be conveniently measured quantitatively. Neverthe 
degree of oxidation is strongly suspected as being the 
nt culprit and, therefore, the one to be considered 
ition of tapping temperature as the independent vari 
cause” of certain effects has led the authors to make 

misleading statements which certainly will be questioned 
lrymen. For example, the authors state on p. 443 

ron can be melted to conform to ASTM designation 
Classes 30, 35, or 40, by altering the tapping temperature 


ron and without changing the metallic composition of 


gree of oxidation” is one of those factors which are fre 
lumped together in discussions of cupola operation and 
by the indefinite term of “melting practice.” Since the 
{ oxidation of the metal during melting in the cupola 

consideration, it is important to remember that this 


n tendency is influenced by a number of operating 


of these variables would include (1) the bed height 
properly, the height of the zone of maximum tempera 
ve the tuyeres: (2) the iron to coke ratio, because of 


upon the bed height; (3) the rate of combustion of the 
determined by its inherent combustibility and its size; 
iio of air to coke; (5) the temperature of the air enter 
e tuyeres; (6) the moisture content of the air entering 
yeres; (7) the improper use of secondary tuyeres; (8) the 
ning burnout, because of its effect upon bed height 

oncentration; (9) tendency for the cupola to bridge 
f resulting distortion of blast distribution and uneven 
he bed height; (10) the size of the scrap charged and 
icy to “burn up” in the stack (light scrap) or to persist 
one of maximum temperature (heavy scrap); (11) the 
ty of charge distribution across the cupola, because of 
upon blast distribution; and (12) the amount and type 


ised, because of its effect upon lining burnout, the ten- 
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dency for the cupola to bridge, or the tendency for tuyeres to 
freeze over. Other factors can undoubtedly be added to this hist 

Because these factors do not all affect “tapping temperature 
in the same manner as they affect oxidation of the metal, it Is 
apparent that tapping temperature should not be regarded 
as an indication of degree of oxidation as has been done in this 
papel! 

Mr. GUNTHER: I think the purpose of the paper has been a 
litthe misunderstood here We were trying to prove the point 
that Mr. Lownie said we proved; now he wants us to turn 
around and say that our conclusions are the starting points 
Actually I think item three in the conclusions which says that 
rhe temperature dependence of the carbon and silicon contents 
of the iron and of the FeO content of the slag can be explained 
on the basis of a varying amount of oxidation of the iron during 
the melting process” expresses our conclusions accurately. We 
are attempting to express chemical variation on the basis of 
oxidation. We will concur with Mr. Lownie 100 per cent to 
the effect that the oxidation does the job. Both of us think 
that, however, we are trying to say the same thing in a different 
manne! 

Mr. Somers: I think Mr. Mulcahy’s point is this: Let us take 
this first reaction: Fe (liq) +- Ye Oo (g) FeO (liq) (variable 
temperature specified). Ihe temperature at which the reaction 
takes place must be specified to determine the extent of the 
reaction. In our analysis we have assumed that the activities 
of the iron and the oxygen are constant so that we would have 
only two variables connected with it, the temperature and the 
activity of FeO. The silicon and carbon percentages can then 
be theoretically plotted vs. temperature, if the equilibrium 
constants are known. The silicon and carbon percentages plotted 
in Fig. 1 corroborate this assumption qualitatively 

In addition, if we finally check the data we do get an increase 
of FeO in the slag with decreasing tapping temperature. Mr 
Mulcahy’s point is apparently that the activity of oxygen, which 
we assume is constant, is also a variable. Our data shows remark 
able co-variance with just two assumed variables. We certainly 
cannot rule Mr. Mulcahy’s assumption out; but, at best, its effect 
would be to increase the inaccuracy limits given in Table 1. In 
order to check the effect of pouring temperature on the chill 
depth, we made extensive studies of chill depth. This has been 
done during the past nine months and the work involved as 
high as 5000 samples. We found pouring temperature was un 
important in the ranges in which these tests were poured 

Ir. E. EAGAN I would like to call attention to one thing 
with reference to the tensile strengths that are given by the 
authors They show that lower pouring temperatures give 
higher tensile strengths. We must remember that they have 
used only the 1.2-in. arbitration bar. With any given chemical 
analysis the tensile strength obtained is a function of the cooling 
rate of the casting. Therefore, we must be careful in interpreting 
the results shown. However, the authors have used a positive 
size of casting which can be used for comparison purposes and 
that is the arbitration bar. You will not always get the same 
results when you pour a different casting. The results shown 
by authors can be very misleading to the practical foundryman 
He must still use pouring temperatures that are consistent with 
good foundry practice His arbitration bar tests must show 
tensile strengths that he can interpret in relation to the casting 
he is pouring 

Mr. GuNTHER: We agree with that The purpose of the 
paper was only to analyze from the test bar standpoint and 
not from the casting standpoint 

Mr. Somers (author’s closure): It is not quite clear as to 
whether the objections raised to the temperature dependence 
of oxidation of cast iron have been considered from a basi 
viewpoint To this end a cursory review of the principle of 
temperature dependence of chemical reactions may be in ordet 

The oxidation of cast iron may be characterized purely by a 


chemical reaction; thusly 


l) Fe VY, Oo bkeO 
2) ¢ 4 Ov Co 
(3) Si +. Og = SiOv, et 


Associated with each reaction is an equilibrium constant, i. 
(a FeO) 


i= 
(a Fe) (a Ov) 


* Cooper-Bessemer Corp., Grove City, Pa. 
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From the second law of thermodynamics the van't Hoff equation 
can be derived 


d(in K) AH® 
dl RT? 


the effect of temperature on 


dT 


This equation expresses 
the equilibrium constant K of any reaction involving gases.’ 
As K varies, the components expressed by the above chemical 


equations vary; or, there is exhibited a temperature dependence 


of the chemical reactions in cast iron. As stated by Mulcahy, 
the metal temperatures were coincident with condi 
tions . . . ” is correct with respect to the variables listed by 


Lownie, but to add that the conditions . . . rather than it 


the metal temperature) is the governing influence 
is somewhat at divergence with the thermodynamics. 
Lownie lists twelve variables which may cause the tapping 
temperature to be a “coincident effect”—a covariant. Of the 
twelve, excepting number two, not one can be selected as vary 
ing “coincidently” with the tapping temperature for the data 
in this paper. For instance, a few possible “coincident” effects 


can be listed: 


* Noyes and Sherrill, 4 Course Study in mical Principl t 171 
Macmillan (1938) 





CupoLa MELTING Pu: 


1) The moisture content of the blast was hig! 
when the temperature was low, and vice-versa. 


(2) The temperature was low at all times when 
was used, and vice-versa. 

8) A bridge formed whenever the temperature w 

These “coincident” effects and others listed did n 
these data, and most of the variables listed by | 
probably “random” for any given tapping temperatu 

Lownie states that our conclusion that “.. .‘cast iy 
melted to conform to ASTM designation A48-4l, clas 
or 40, by altering the tapping temperature of the 
without changing the metallic composition of the ir 

is misleading.” The authors used with good 

principle stated in the above conclusion in the melti 
iron to the listed designations since 1944 at the Traffor 
of the Westinghouse Electric Corporation 


The authors wish again to reemphasize that the 
of the tapping temperature during the melting opet 
have a strong effect on the composition of the cast 
tapping temperature is by far the most important of 
melting variables affecting the properties of high str 
iron, and it is usually the least considered 
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MALLEABLE FOUNDRY FINISHING AND INSPECTION 
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T. Earl Poulson 
Steel and Malleable Finishing Divisions 
Belle City Malleable Iron Company 
Racine Steel Castings Company 
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ABSTRACT 


iuthor reviews steps and procedures for delivering a satis- 
product beginning with raw casting after pouring and 
, through the cleaning, finishing and inspection opera- 


[HE ROMANCE OF CREATING a practicable casting 
| a beginning of sand and molten metal has always 

n allied primarily with the foundry itself, while 

finishing and inspection departments have been 

sidered mechanical operations to be assigned to 

iny layman after the artist has exercised his skill. On 

contrary, this same creative spirit does exist in 

ry operation of these departments for it is here that 

iny discoveries are made which result in effective 
isting improvements. 

\lthough many of the steps are interrelated, this 
paper on finishing and inspection methods as prac- 
ticed in a malleable foundry will be presented in two 
parts, the first being the finishing methods. 

\ finishing department is sometimes considered an 
vil, necessary to the completion of a commercial cast- 
ng, because it accounts for a considerable portion of 

total cost of producing the casting. Too often this 
hase of the foundry operation is not scrutinized in 
he same way as the melting, core, and molding de- 
partments are from the cost standpoint. It is an estab- 
ished fact that were it not because of something which 
he foundry has caused to happen to the casting, either 
through gating, feeding, or other foundry technique, 
finishing department would not be in existence. 
Because of this fact it is of the utmost importance that 
the finishing department together with the inspection 
‘epartment should at all times work in close coopera- 
tion and harmony with all of the departments instru- 
mental in producing a casting which they will finish, 
and, in turn, sell to the customer. 
Finishing Methods in a Malleable Foundry 

in the majority of malleable plants, the first step 
in finishing castings after they leave the spruing room, 
‘s to remove them to the hard mill room where they 
are tumbled to remove sand and some of the lesser 
fins on the castings. In the particular plant to which 
this paper applies hard iron milling was eliminated 
some years ago. 





Hard iron trimming, then, is the first step in finish- 
ing malleable castings in the author's foundry. In this 
department, the annealing pots are set on the floor in 
rows, allowing enough room between the rows for the 
trucks of hard iron castings. 

The operator takes the castings from the trucks and 
removes all fins, cracking strips and excess material 
by means of a hand chipping hammer. He also gives 
the castings a visual inspection and throws all castings 
with obvious defects into the trucks stationed for this 
purpose. The good castings are placed directly in the 
annealing pots in such a way as to obviate distortion 
as much as possible while going through the annealing 
oven (Fig. 1). 

Annealing pots are 2714 in. long, 1914 in. wide, 17 
in. deep and have trunnions on two opposite corners of 
the pots. They weigh approximately 480 lb. Experi- 
ments are being conducted at the present time with 
new alloy pots which weigh 300 lb. The weight of the 
castings placed in the pots average between 350 and 
100 lb. per pot. 

There is very little packing material used in ready- 
ing pots for the anneal, there being only asmall percent 
age of the pots in which any is used. This packing is 
placed in the pots by means of a hopper which is 
picked up by the overhead crane and run across the 
tops of the pots in which packing is used. 


Charging Annealing Oven 

After the pots have been filled to their capacity with 
castings, they are stacked four high by an overhead 
crane, and a metal cover is placed on the top pot. The 
seams of each section of pots and also the cover are 
then sealed with mud to eliminate the danger of oxida- 
tion of the castings in the annealing oven. These stacks 
are then placed on an annealing car, which has a capac- 
ity of six stacks or a total of 24 pots. Each of these cars 
is then placed in a Dressler continuous type furnace. 

To remove soft iron castings from annealing pots, 
after the annealing cycle has been completed, the pots 
are removed to the dump floor by an overhead crane. 
An important step during this operation is the sorting 
of castings into various containers. Through sorting, 
certain types of castings are segregated to facilitate 
cleaning. At this station, each pot is picked up with 
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Fig. 1—Hard iron castings packed in annealing pots 


prror to annealing. 


sling chains and upset by two men, the castings falling 
into receiving containers in which they are transferred 
to the cleaning station. 

Pots in which packing material has been used are 
upset onto a large shakeout rack which allows the 
sand to fall through while retaining the castings (Fig. 
2. When this shakeout rack is filled with castings, it 
is litted by an overhead crane and removed to a rail in 
front of which is placed a suitable number of receiving 
containers. One end of this rack is set on the rail, and 
the other is up-ended, the castings sliding into the con- 
tainers. The containers filled with castings are then 
moved by an overhead crane and emptied into the re- 
ceiving hopper on the shotblast machines where the 
castings are cleaned. 

The machines in which soft iron castings are cleaned 
are completely automatic, the operator only pushing 
buttons to load, close the machine, start and stop, open 
the door and unload the castings. The time for clean- 


Fig. 3 (below) —Sorting of castings from belt conveyor. 
Fig. 4 (right) —Milling two gates simultaneously from 


large malleable casting. 
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Fig. 2—Removal of castings from dump floor ra 
annealing. 


ing castings of all sand and scale ranges from six t In t 
eight minutes per load, varying according to the types anst 
of castings. This cleaning is done with No. 20 shot wel 
It is the practice to experiment continually wit! ut a 
new types and sizes of shot to secure cleaner castings i1 Ast 
shorter cleaning times. rial 
After the cleaning is completed the castings ar mov 
dropped to a container which, in turn, transfers t! Fror 
castings to a conveyor belt which runs the entire lengt stand 
of the soft iron finishing department. lling 
Chis department is made up of two divisions, a larg perati 
and a small castings finishing department. The s1 r mill 
castings finishing department is located on the se ight 
floor of a two-story building, and the conveyor b 
runs on an incline to the second floor. ire mo 
The sorting of castings begins in the large casting: purpos 
finishing department where the large castings are ! 


+} 


moved from the conveyor belt and sorted into t } 





proper skid-type containers (Fig. 3). The small cast- 
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Fig. 5 (above) —Milling castings to close tolerances on 


rotary table. Fig. 6 (right) —Foot-pressure stand grind- 
ing of castings. 


ngs continue on up to the second floor where they are 
sorted to a truck-type container. 


Finishing of Large Castings 

n the large castings division the skid containers are 
ansferred to the various operations by means of a 

er lift truck, and the department is laid out so 
ta Minimum of this trucking is necessary. 

\s the first operation on large castings, all excess ma 
which cannot be ground from the castings is 
d by chiselling with an air hammer. 


From this point the castings travel either to the 

ind grinders and swing frame grinders or to the 

lling machines. Here a decision is made as to which 

eration is the most economical to perform, grinding 

r milling. Certain gates or feeders which ordinarily 

ight be ground on the swing frame grinder because 

{ the gate size, pad size or excessive weight of castings 

more economically removed by milling. For this 
purpose there is a battery of milling machines. 


Fig. 7—Straightening castings in hydraulic press. 














In the plant tool room, fixtures have been construc 
ted for the various types of milling machines operated 
On long-running jobs there are multiple fixtures on 
rotary tables of the machines so that the operator has 
only to place the castings in these fixtures to complet 
the operations. ‘The plant with which the author is 
associated also has a milling machine which has on 
vertical and two horizontal cutters into which the 
castings are fed. ‘Iwo or three feeders are removed at 
the same time from a number of parts (Fig. 4). 

The savings realized because of this method of re 
moving gates and feeders runs from 20 to 50 per cent 
under the cost of grinding. It has been found that 
where close tolerance inspection is necessary, the mil 
ling machine is a valuable adjunct to the finishing cd 
partment (Fig. 5). An additional saving through the 
use of milling machines is the saving of the metal re 
moved, which is returned to the foundry for remelting 
whereas in the case of grinding all metal removed 1s 
a complete loss. 


Fig. 8—Punching five holes in a casting 
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Fig. 9—Fracturing hard iron castings for inspection, 


On the grinding stands, the author's foundry uses 
what may be termed foot-pressure grinding. The fix- 
ture used has been developed over a period of years, 
and through its use the gate of the casting is forced 
against the grinding wheel with high pressure, which 
is exerted by the operator’s stepping on a foot lever 
(Fig. 6). This method has proved superior to all 
other types of grinding. 

Several important advantages of foot-pressure grind- 
ing are: it decreases cost; it increases the output per 
machine; it allows the man to have both hands free to 
hold castings thereby eliminating the hazard of a cast- 
ing slipping between the wheel and the stand; it is less 
fatiguing to the operator; it allows setups to be made 
to grind castings semi-automatically. From an economy 
standpoint savings of 20 to 40 per cent have been real- 
ized through the use of these fixtures as compared to 
previous hand grinding methods. 


Grinding Equipment 

Grinding wheels found to be the most satisfactory 
for use in conjunction with pressure fixtures are the 
30 in. x 2 in. or the 30 in. x 24% in. resinoid-bonded 
wheels running at a speed of 9500 surface ft. per min. 
Some grinding stands are designed so that the speed 
can be increased as the wheel decreases in diameter, 
thus keeping the surface ft. per min. the same. 

In cases where a battery of grinding stands are run 
by a line shaft, it is good practice to use new grinding 
wheels on the larger castings until the diameter of the 
wheel has decreased through grinding to 24 in. At this 
diameter the wheel is removed and placed on another 
stand in the line, where, by means of appropriate pul- 
leys the speed is increased to 9500 surface ft. per min. 

Grinding wheels, as a rule, are the largest single item 
of material cost in the finishing department. There- 
fore, continuous testing of wheels of different makes 
and types is necessary, with the object of realizing 
greater efficiency at less cost together with a satisfied 
operator. 

After considerable research, it has been concluded 
that it benefits all concerned with the operation of 
grinding wheels to test continually and retest makes, 
types and grades of grinding wheels. In this way, im- 
provement in cleaning production may be realized. 
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After the preceding operations are complet the 
castings are ready to be straightened. For this ; 
there are drop hammers and oil presses (Fig. 7) h 
author's plant there are four drop hammers and {oy; 
oil presses. The oil presses are rated at maximu res 
sures of 150 tons, 500 tons, 750 tons and 1000 tons. Th, 
amount of pressure exerted on the castings is, of rse, 
determined by the requirements of the customer and 
whether or not the blueprint calls for coining. 


Straightening Dies 

Che dies for all of these machines are designed and 
fabricated in this particular plant’s own tool room 
They range from cast dies for drop hammers to large 
complicated dies which allow castings of intricate de. 
sign, such as housings, flanged hubs, etc., to be easily 
inserted and removed. Nevertheless, when the dies 
are bottomed they straighten the castings to blueprint 
dimensions. Such convenience and accuracy are mad 
possible through the use of hardened inserts and strate. 
gically located spring arrangements. This type of die 
is particularly adaptable to castings which are some. 
what warped. 

After the castings are straightened, they are ready 
for the finish inspection department. Castings which 
must be machined punched, milled, drilled, turned 
etc. pass on to the finish inspection department onl) 
after these operations are completed. 


Finishing Small Castings 


The small castings finished in this particular plant 
go through substantially the same operations as the 
large castings but on a smaller scale. In the small cast 
ings division, the castings are transported to the various 
work stations in four-wheel trucks and are moved from 
floor to floor by means of elevators. 

Operations performed on the small castings ar 
grinding, dropping, pressing, reaming holes, milling t 
close tolerances, punching holes to close tolerances 
(Fig. 8) , chiselling, burring and straightening on drop 
hammers, small oil presses and punch presses. After 
these operations the castings pass on to the finish in- 
spection department. 


Fig. 10—X-ray equipment for casting inspection. 























11 (above) —Casting with shrink and hot tear. Fig. 12 (below) —Condition corrected after proper feeding 
by addition of pad. 
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Fig. 13—Inspection layout for dimensional check. 


Malleable Foundry Inspection Methods 


Inspection control starts with the arrival of the 
blueprint and the request for quotations. A conference 
of the superintendent and the foremen of the pattern 
shop, foundry and coreroom is held and the job is 
studied from various points of view. If slight changes 
in design enable the foundry to produce a better cast- 
ing, the customer is contacted and something usually 
is worked out to the benefit of both. These men also 
determine how the job is to be parted and where the 
feeders are to be placed to insure a sound casting. 

Sometimes it is difficult to visualize from the print 
just how an intricate job should be molded and gated. 
In this case, wood models are made and samples are 
cast from them to develop proper methods of proce- 
dure. After the method of molding, gating and feed- 
ing has been determined, the foremen of finishing and 
of the tool room and chief inspector are called in. ‘They 
consider the job from the finishing point of view. Con- 
siderations include elimination of the grinding of part- 
ing lines through good pattern equipment and proper 
molding, reduction of core fins to a minimum, whe- 
ther the gates shall be removed by grinding or milling 
and whether the gates and risers could be put at some 
other place on the casting which would be more ad- 
vantageous to remove and still produce a good casting. 
The amount of finish allowed and the tolerances on 
dimensions are gone over carefully and decisions are 
made as to their practicability. If it is thought that the 
tolerances are closer than can be held in the rough 
casting, straightening and coining operations must be 
included. 


Customer Contacts 


The chief inspector, through his contacts with cus- 
tomers, can usually tell how the job is to be used, its 
application, etc., and also which dimensions are im- 
portant, which less important, and where the locating 
points for machining are to be. The locating points 
for machining are important in straightening the cast- 
ing and laying it out exactly as the customer will ma- 
chine it, and in the making of jigs and gauges for final 
inspection. Some customers recently have agreed to 
show the locating points on the blueprints. Most cus- 
tomers are cooperative and make suggested changes 
that enable the foundry to produce better castings. 
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After the above problems have been settle 
satisfaction of everyone involved, the pattern 
and delivered to the foundry for sample castin 
samples are made exactly as they are to be 
production, that is, if the job is to be dor 
squeezer, it is squeezed and not rammed by ha 
day worker. 

After the samples are made and poured 
cleaned and brought to an inspection benc! 
foundry. Here they are carefully examined by 
mittee consisting of the superintendent, the | 
foreman, the coreroom foreman, the sand contr: 
and the chief inspector. The casting is examin 
the proper breaking of feeders and gates, clea: 
of parting lines, core fins, surface finish and ap) 
ance, surface defects, checks and rips or hot tear 
the chief inspector again points out the import 
mensions and the locating points. After this surfa 
inspection, the casting is broken and examined jy 
ternally for shrink and primary graphite (Fig. 9 
When the committee is satisfied that there is no \ 
shrink in the casting, another sample is sent 
laboratory to be x-rayed. 


“-ray Inspection of Castings 


The x-ray has been found to be valuable as a too 


inspection (Fig. 10). Many times there is a slight lack 


of density in a hard iron casting, although the tract 
appears white, but after the casting is annealed 
broken this lack of density shows up asa shrink. T! 


type of shrink is very difficult to see in the hard iro: 


and might be over-looked, but the x-ray will show 
plainly (Fig. 11, 12). The x-ray will also penetra 
sections which might be difficult to break in the ha 
iron and which consequently might be overlooked 
At the same time a casting is sent to be x-rayed, a1 
other sample is sent to the layout room where it is s 


up and laid out for all dimensions and finishes (Fig 


13). When the production department has receiv 
approval of the casting from the x-ray and layout d 
partments, the casting is sent to the customer fo! 
approval, and upon receipt of this, the job may 
started in the foundry. 


Fig. 14—Dimensional check gauge. 
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foundry, the foremen and the men breaking 
eates and risers look for feeders breaking-in, 
d feeders that are hard to break off and which 
crack the casting, castings which have been 
short in the feeders, runouts, and the dumping 
is too hot, which sets up strains that lead to 
On the large castings the connections are ex 
1 for signs of mottle. 


Hard Iron Inspection 


ird iron inspector continually checks castings as 

ye off the shakeouts of the mechanized lines 

also checks the castings poured on the side 

His full time is spent at this point and the 

x room adjacent to the foundry. An inspector 

; point is extremely valuable because he shortens 

time it takes to correct a defect and he eliminates 

runs of castings with any defect. 

In the writer’s foundry melting is a duplexing pro 

the metal being melted in a cupola and held in 

air furnace. Samples are taken at one-half hour in- 

rvals and analyzed for carbon, silicon and manganese, 

| throughout the day periodic checks are made of 
sulphur, phosphorous and chromium content. 


Annealing Room Inspection 


From the foundry, the castings are sent to the an- 
ling room where they are chipped and packed in 
ts. Here they are given their first thorough inspec 
n. The man in charge of inspection in this depart- 
nt is equipped with snap and plug gauges for di- 
ensional check in the hard iron. As a large percent- 
of the jobs are straightened in a hydraulic press, 
t is important that dimensions be checked in the hard 
ron, in order to insure a properly straightened casting. 
he inspector also looks for excessively heavy crack- 
g strips which might start small cracks in breaking 
from the casting. It is his duty to inspect the heavy 
stings from each heat for primary graphite. All 
heavy castings poured in the foundry are either dated 
r have a heat number cast on them. He also breaks 
stings to check for shrink. This is done periodically 
n long run jobs as a matter of routine. 
rhe castings from each heat are annealed with test 
bars poured at intervals throughout the heat. The an- 
nealing is done in a continuous tunnel-type kiln which 
is controlled by 34 thermocouples throughout the 
ven. These couples are read every hour and recorded 
ma chart for that purpose, affording excellent control 
f the annealing cycle. 


Metallurgical Inspection 


\s a further check on the annealing cycle, the labora- 
ory has a man stationed on the dump floor, and he 
sreaks and examines castings from every car for under 
inneal, decarburization and pearlitic frame. As some 
ustomers have very small finish allowances and ma- 
hine at high speeds and feeds, it is essential that there 
de absolutely no frame on the casting. This is espe- 
lally true in the case of operations performed by fly 
utters and spot facing tools. 

) \fter the castings have been cleaned, finished and 


str 


raightened, they are ready for final inspection. Every 
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Fig. 15—Fixture for checking concentricity of castings. 


casting that goes out of the plant must go through the 
inspection department. 

The inspection department is equipped with met 
cury lights to facilitate the surface inspection which 
every casting gets. Inspectors look for smoothness ot 
surface, sand and slag holes, checks, rips or hot tears, 
and cracks, cleanliness, etc.. Castings which seem to 
be commercially clean, but which might cause th 
customer difficulty in machining are rejected and sent 
back for recleaning. 

Gauges are used to check the castings dimensionally 
(Fig. 14). Flanged castings with hubs on either side 
of the flange such as hubs, differential cases, etc. are 
tested for concentricity on a special fixture made for 
this purpose (Fig. 15). Many fixtures have also been 
made for checking the alignment and straightness of 
the castings. For many of the larger castings, elaborate 
and expensive fixtures have been made that locate 
from the customers locating points for machining, and 
check the amount of finish on each machined surface 
Pearlitic malleable is Brinell hardness tested 100 per- 
cent and any castings not falling within the Brinell 
hardness range are rejected. 


Chief Inspector's Duty 


It is the duty of the chief inspector periodically to 
break soft castings and examine them thoroughly for 
internal defects. Periodically, he sends castings to the 
layout room and has them completely checked. He is 
constantly on the lookout for under-annealed castings 
and frames as a double check on the laboratory. 

The chief inspector and also the hard iron inspector 
work very closely with the foundry. It is their duty to 
catch and immediately report any defects to the super- 
intendent and the foundry foreman. The chief in 
spector’s decision as to the suitability of the product 
is final and the men responsible for production very 
seldom dispute it. They know the chief inspector's 
knowledge of the customer’s requirements is superior 
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to theirs and the aim of the foundry is to produce 
quality castings, entirely satisfactory to the customers. 

Through frequent visits of the chief inspector and 
the sales force to customers’ plants, it is possible to 
bring their difficulties back to the foundry for immed: 
ate attention. 

All complaints go through the chief inspector who 
delegates the responsibility for the investigation to the 
departments involved. Complaints on dimensions and 
finish are handled by layout, pattern, and foundry. 
Complaints on machining or of a metallurgical nature 
are investigated thoroughly by the laboratory. Chemi- 
cal analysis may be made, x-rays may be taken, and 
generally a section is cut from the casting, polished and 
examined microscopically. 

After a complete investigation has been made, a 
complete report of the findings is made to the cus 
tomer with any action taken to correct the trouble. 

During the past year or two, the customers have 
changed the foundry industry’s ideas regarding the 
nature of a commercial casting. ‘The foundry industry 
today is being asked for castings with close tolerances 
which only a few years back would have been classed 
as an impossibility. Castings which were formerly 
given visual inspection or checked with rough gauges 
are today, because of constant pressure on the part ol 
the customer, checked for dimensions in terms ol 
thousandths of an inch. 

The foundry is also asked to produce castings which 
may be used without machining as running parts of 
operating equipment. This condition calls for the 
best in all foundrymen continually to give to the cus- 
tomer his needs at a low cost. 

It has been found that producing castings to these 
rigid requirements need not increase the cost of manu- 
facturing the product. In most instances, production 
costs are as low as betore, or lower. 

At this particular plant there is a constant effort to 
improve the quality of the product, and there is not 
a man in the organization who does not realize that 
increased recognition will come to the company as the 
quality of the castings produced improves. And as 
the quality of castings produced by each foundry im- 
proves, the castings industry gains prestige. 


DISCUSSION 


Chairman: C. F. JoserH, Central Foundry Div., General Motors 
Corp., Saginaw, Mich. 

Co-Chairman: W. D. McMILLAN, International Harvester Co., 
Chicago. 

P. KNop:1 You mentioned milling in gate removing to comply 
with close tolerance set by the customers. Do you set up 
those castings individually to mill them? 

Mr. Poutson: Yes. We place them on pins on the sides of 
the fixture. 

Mr. Knop: Do you set up all the general run castings on this 
one fixture? Are the castings warped in such a manner that 
they have to be set up individually? You mill them before you 
straighten them, do you not? 

Mr. Poutson: No, we straighten them first. 

N. J. Henke:2 Is your foot pressure grinding fixture a uni 
versal fixture or is it something you adapted to certain jobs? 

Mr. Poutson: We started using that years ago and made new 





1 Albion Malleable Iron Co., Albion, Mich. 
2 Central Foundry Div., General Motors, Saginaw, Mich. 
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versions of it right along. We just added or subtra 
as we went along. 

Mr. HeNkE: In other words, you use it 100 per c 
leverage stick. 

Mr. PouLson: No, everything ground is by this press 
We use it entirely for our malleable, steel and gray i; 

D. Tamor:3 In the early part of your paper, wher: 
about alloy steel pots, were you referring to alloyed . 
or were you referring to heat-resisting or stainless ste 

Mr. Poutson: We make our own pots from a 
chrome, 35 per cent nickel alloy. 

Mr. Tamor: What is its carbon content? 

Mr. Poutson: I could not tell you that. 

R. A. Loper:4 You think machining off of gates 
than grinding or other methods of gate removal. Ix 
into consideration the cost of the machine, the cost of 
the equipment to mill the gate, the upkeep of the 
grinding, etc., when you make the statement that it ji 
to mill than it is to grind? 

Mr. Poutson: I would like to qualify that statemen 
not know whether I said it or not; I do not think I « 
it is cheaper to mill than grind. I am no authority for 1 


( 


certain jobs that we have, on milling machines, where we 


very much milling, probably 35 per cent of our produ 
milled, the gates and pads on the job are so placed t! 
more economical for us to mill them. Our cost for mi 


i 


not greater than our cost for grinding. I am talking about , 


average costs. There are many jobs that we would not 


in fact, we like our grinding pretty well. 


Mr. Loper: I did not mean that you mill every gate, but 


mean that in the ones you set up for, do you take into < 
sideration the cost of the machine, the cutters, the too!-u; 


upkeep of the machine and the cost of machining? 
Mr. Poutson: That is correct. We have found that 
very close to being equal in cost. 


C. Jetinek:5 Do you use X-ray inspection for control in spot 
checking or do you use X-ray inspection 100 per cent in your 


production? 


Mr. Poutson: We do that on every new job that comes int 


the plant; all samples are X-rayed. After that, periodic X-rays 


are taken of production runs. 


Mr. JELINEK: How does your inspection cost increase dur 


the cost of X-ray equipment, etc.? 


Mr. Poutson: After the original investment, the X-ray does 


not cost a great deal. The cost is minor. We would not 


without the X-ray today. 
J. H. LANsinG:® Just to cover both sides of the pictur: 
mentioned that largely low-speed wheels are used. | 


impression, because you said this was a resinoid wheel, that \ 


largely use high-speed wheels. Is that correct? 


Mr. Poutson: I cannot get involved in this argument becaus 


got 


bye 


years ago when I first started there, we had low-speed wheels 


Before I had anything to do with it, they had changed « 


[he person who changed them over is a qualified gentleme: 
and he knew what he was doing when he changed ove! 


high-speed wheels. We are completely satisfied with them 

In connection with the high-speed wheel, I doubt very mu 
whether you could exert the pressure on resinoid bonded wheels 
unless you had a high-speed wheel. I think the survey show: 
that there is more output per machine, although the grindin 


wheel cost may be somewhat higher. However, in this day an 
age, when foundry workers are difficult to get, that is a ver’ 


important item, to get the maximum output per machine 
firm|\ 


sometimes overbalances a little extra cost, and I am 


emery wheels, that eventually these emery wheel manuta¢ 


are going to give us a far superior emery wheel to W 
are getting today. 
E. M. Srrick:4 In regard to being able to remove n 


faster and needing that high speed in grinding, it is possi 


apply enough pressure on a grinding stand. I have pr 
to the point of stopping a 35-h.p. grinding machine » 
fied wheel to a standstill without breaking the wheel « 
any difficulty with it 

Mr. Poutson: I am not well enough acquainted w 





3 American Chain & Cable Co., Yor«, Pa. 

‘Erie Malleable Iron Co., Erie, Pa. 

5 National Malleable & Steel Castings Co., Cleveland 
® Malleable Founders’ Society, Cleveland. 
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give an intelligent answer to it. I know with ou 
ire fixtures, it is very simple to stop practically any 
with it 
yw: Do you use any other method such as shearing 
lling and grinding for gate removing? 
1soN: No; we have at present one job that we shea 
use the break-off is large. We just shear it off with 
ary sprue cutter to eliminate excess grinding and save 
il. We have tried shearing many times and hope to 
some day. We have never been successful to the extent 
lid net have to grind afterwards. Generally a casting 
tle grinding on it besides just that gate. You have got 
ip and drop the casting anyway, and many times the 
and drop takes as much time on some of the gates 
s to grind the gates off. 
Crossy:7 You mentioned Brinell hardness ins;:ection of 
malleable. I would like to know if you accept or reject 
malleable castings on Brinell hardness specifications? 
VV PouLsON: Yes, we do. 
\fr. Crospy: Is this the only routine test of pearlitic malleabk 
| take into consideration in the final inspection? 
\ir. Poutson: No, that is in our final inspection. The balance 
care of from the metallurgical standpoint 
Mr. Crossy: Do you make this pearlitic malleable to any 
specification? 
Mir. PouLson: Yes. 
\ir. Crosspy: Is there an agreement between the purchaser and 
ier regarding strength, hardness, etc., outside the speci 


Mr. Poutson: We have and sell pearlitic malleable according 
specifications which include physical properties and hardness 


Memser: We have changed from use of slow-speed wheels to 
gh-speed wheels. It was done not only from the standpoint 
f cost but for safety. You can break a vitrified wheel, while 
t is nearly impossible to break a resinoid wheel. 

Mr. Poutson: I think you are right. 

Member: We found after we changed to 30-in. wheels, that we 
got a lower cost, but the safety factor was the more important 
factor 

Mr. Strick: We have used vitrified wheels on thousands of 

ms of castings and had only two vitrified wheels and six high- 
peed wheels break over a period of seven years. 

Memper: That has not been our experience and, of course, 

can be proved by test that you can break a vitrified wheel 
isier than you can a resinoid wheel. We have run resinoid 

heels 1 in. in width, 30 in. in diameter at 9500 fpm. under 
ressure 

Mr. Poutson: Vitrified wheel salesmen and engineers have 

ways told us we could not do the type of grinding we are 

jing with a vitrified wheel, from a safety standpoint. They 
vould not think of putting a vitrified wheel in our plant. 

M. J. Hentey:8 Would you care to comment on the cost of 

ur stainless steel pots compared to your standard pots or cast 

on pots; 

Mr. Poutson: The life of the pots is tremendous. Ordinarily, 

uu might get 22 to 25 heats running through our annealing 
process, on the regular steel pots. We have pots in now that 
ave gone over 100 times through our annealing cycle. The 
ew alloy pot, the light one, has gone through over 30 times 
lready and we think there are many advantages in having 
hem. They keep their shape. They allow for a cleaner con- 
lition, especially going through the continuous type kiln; you 
ave no scale dropping off all the way through whereas with the 

id type pot you do get a lot of scale. 

Mr. Strick: Have you had any experience running these pots 


rough the anneal without mudding them, as you state that 


Mr. Poutson: We would not do that at all. 

Mr. Strick: Why? 

Mr. Poutson: We might burn the castings causing scale. 

Mr. Strick: Is it not a fact that as soon as the temperature 
its that mud cracks develop in the mud and air goes through 
ose cracks? 

Mr. Poutson: If we have pots that scale off and have cracks 
r | that go through the pot, we will end up with some 


x Molybdenum Co., Detroit. 
Foundries, Inc., Lufkin, Texas. 
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burned castings. Ihe mud seals them. | can tell you frankly 
that we would not put a pot in without mudding it, and we 
do not have as much as you think of the cracking of the mud 
causing us a great deal of difhculty. 

CHAIRMAN JosePH: I might say that the cost of the alloy pots 
usually runs from 10 to 12 times more than the cast iron pots. 
UCherefore, you would have to get from 15 to 20 times more 
life. che capital that you have tied up in your pots adds up 
to a great deal of money. The weight of our cast iron pot is 
around 600 lb. The alloy pot weighs only around 350 Ib., but 
the cost of the alloy pot would be from 10 to 12 times the cost 
of the cast iron pot 

Member: I do not think they cost 10 to 12 times more. You 
can purchase a good alloy pot for 70 cents a pound, but you 
can make it for less than half of that. We make all our own 
alloy pots and they do not cost anywhere near that price. With 
the present market on nickel and chrome, you can stay well 
below 40 cents per pound including labor in pouring 15-35 alloy 
pots 

CHAIRMAN JoserH: I do not know what an alloy pot would 
cost us, but 1 would say about 50 cents a pound. A white iron 
pot would probably cost around four cents a pound 

Member: That is true, but the weight of the pot is the princi 
pal factor. You are getting four to five times as much weight 

CHAIRMAN JosEPH: It has been quite a long time since we 
figured this out, but I know at one time the pot that we were 
talking about would actually cost from 10 to 12 times more 
than the cast iron pot. Probably today the price ratio might 
be different. But the capital tied up in the alloy pots would be 
quite high 

MEMBER: You get a scrap value of nine or ten cents per pound 
from your alloy pot, but practically nothing from your other 
pot. 

CHAIRMAN JoserH: That is right. You can also bring your 
charge up to heat possibly a little sooner, because you do not 
have that extra weight of pot to heat up. It does not amount 
to much but it is something. Where the white iron pot would 
weigh around 600 Ib., the alloy pot would weigh about 350 Ib 
That would be 250 Ib. less weight per pot. I just mention that 
because I know there are certain angles that you have to con 
sider when you think about changing from a cast iron to the 
alloy pot. 

MEMBER: We are getting 1200 lb. of iron through a 200-Ib 
pot. There is the difference. 

Mr. Poutson: What is the size of your pot? 

Memper: The size of our pot is 36 x 28 in 

CHAIRMAN JOsEPH: How much more did your cast iron pot 
weigh to start with? 

Memper: Our cast iron pots weighed 300 to 400 lb. You would 
get 250 or 300 lb. to the pot. Now, we have reversed them, 
we get as high as 1200 Ib. per net tray with a 200-lb. tray. We 
use the open tray type with no cover in the continuous oven. 
We have an atmospheric control oven. 

CHAIRMAN JOsEPH: How many heats do you get from the alloy 
pots? 

Mr. Poutson: We have records of over a year of continuous 
service. 

CHAIRMAN JosePH: That is not many trips. 

MEMBER: Yes it is. We were on a 15-hr. cycle at that time. 
That is a lot when you take a pot going through every 15 hr. 
in a year. 

Mr. Poutson: I suppose that depends on the particular process 
you are using in comparison with ours. Probably for each per- 
son it might be a little different. 

CHAIRMAN JOSEPH: He is talking about a larger pot than yours, 
I believe. 

Mr. Poutson: Ours is 2714 x 1914 in. 

CHAIRMAN JosEPH: We use the nickel-chrome trays and rollers 
in our atmosphere kilns but not in our large tunnel kilns. In 
our large tunnel kilns, we still use the white iron pots. Where 
you can use your pots over and over in a very short time, the 
nickel-chrome pots are probably cheaper. But where you have 
a large Dressler kiln and you get only about five trips a month, 
it is questionable whether the nickel-chrome pays for itself. 

Memeser: I would grant that due to the type of fuel you use 
for heat, but if you use electricity, you would not do that. We 
use electricity for fuel. 

Mr. Poutson: We use butane gas and have been running 
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those pots about two years and we have received well over 100 
runs through on them. 

CHAIRMAN JOSEPH: From our calculations we would get around 
35 trips with our white iron pot. You would have to get 350 
trips to break even on the alloy pots, and we did not figure 
we could get that many trips through the Dressler kiln to break 
even. 

Mr. Poutson: We would not be without the alloy pot today. 

Mr. McMILLAN: White iron pots have gone up in price to 
about $90.00 per ton. There are three pots to a ton as the pot 
weighs about 650 lb. These pots will hold about 335 Ib. and 
are good for about 30 trips through the annealing kiln; thirty 
trips for about $30.00. The posts cost about $18.50 each. Due 
to the increase in cost of white iron pots there is a better chance 
of saving by making your own alloy pot using a 35-15 analysis 
I believe your alloy pot weighs about 340 Ib., and is lower in 
alloy content than 35-15 

Mr. PouLtson: Our new pot runs around 325 lb. Our old pots 
weighed 480 lb. Now, it runs around 300 to 325 Ib. 

Mr. McMILLAN: It will take you two years to find out how 
much you are saving over the old pots. 

Mr. PouLtson: We have found out. We are going to keep the 
alloy pots. 

Mr. McMILLAN: It is your own alloy. You are not paying 
69 cents a pound 

Mr. Poutson: No, that is an important item. Years ago you 
could not go into the business of making alloy pots because 
the cost of nickel was too great. 

J. E. Renper:? There is one question on the comparison of 
alloy pots and cast iron pots. You are talking about different 
types of kilns when you are trying to compare the atmosphere 
controlled with the Dressler type or periodic type of kiln. The 
very fact that you have atmosphere control in the electrically 
fired furnace means that you are automatically protecting your 
pot. I do not see how you can compare the two different types 
of furnaces. You are protecting the pot in the controlled atmos- 
phere furnace and probably adding greatly to its life. 

Mr. Poutson: That is right. It is difficult to make compari 
son unless they are identical in both plants. 

CHAIRMAN JOSEPH: Of course, in your case we are talking 
about the same kind of pot, in the same kind of furnace. What 
I mean is the same shape pot in the same oven. 

Mr. Poutson: The comparison is identical. 

A. M. Furton:10 In view of the fact that you do no clean- 
ing in the hard iron, do you find a material increase in the 
amount of soft iron scrap? Further, how do you adjust your 
molder casting count for defective castings that are not thrown 
out due to their not being cleaned? 

Mr. Poutson: We do not charge the molders for any scrap 
in the soft iron, and our scrap, when we changed over to no 
cleaning in the hard iron, our soft scrap increased between one 
and two per cent. That is an approximate figure. 

Mr. Strick: Are you making the same type of castings con- 
tinuously? 


® Physical Metallurgy Research Laboratories, Bureau of Mines, Ottawa, 
Canada. 
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Mr. Poutson: It is a regular job shop. Year aft 
make pretty much the same type of castings. 

Mr. Strick: Would that not be the answer? If you 
the same type of castings continuously you are able ¢ 
jobs and keep your scrap losses low in the soft iron 

Mr. Poutson: I wish that were true. 

Mr. Srrick: I did not ask you what your scrap loss 

C. MaAppick:11 You referred to an increase of 114 1 
in increased scrap. Is that right? 

Mr. PouLson: Yes, by not cleaning in the hard iro 

Mr. Mappick: I would like clarification on that poir 
ing you had a hard iron scrap loss of three per c 
soft iron scrap loss of three per cent, totaling six px 
eliminating your hard iron cleaning, you eliminated 
loss. Would you expect an increase of only 114 per 
your three per cent? 

Mr. Poutson: We do not eliminate three per ce: 
the hard iron. We still have our hard iron scrap. 1 
difference when we are not cleaning the hard iron is ¢ 
of the castings get by the inspectors because the defe: 
visible because of not cleaning. In other words, tl 
portion of increase in the soft scrap should have beer 
in the hard iron. That is the only difference. I will 
castings come from the foundry fairly clean, even » 
cleaning operation on them. 

Mr. Mappick: You made reference to an inspectior 
hard iron phase. How does that inspector function? 

Mr. Poutson: He is there mainly to check. Our |! 
trimmers work piecework and fill these pots on a piecew 


basis. They throw out all obvious scrap and the inspector kee 
Hf 


close tab on these trimmers to see that they throw it out 
will go over these pots of castings after they have been fi 
and throw out scrap and call their attention to it. It is a « 
stant check on the hard iron trimmers. 

Mr. Strick: Does it not mean, then, that your foundry |! 
has to spend more time knocking out cores and cleaning 
castings much better than they would if you cleaned them 
in the hard iron? There is some intangible cost there that 
are not taking into consideration. 

Mr. Poutson: No, because we have not changed our p 


( 


one bit. 


Mr. Strick: How can you get all the sand and cores out 


your casting then? 


Mr. Poutson: They come out exactly as they did previous 


We have not changed anything. We do have some mechan 
lines now, but we still have side floor molders. I do say w 
fairly clean castings coming directly from the sand pile 

Mr. WITENHAFER: Your plant is partly mechanized, is it 

Mr. Poutson: Yes, we have what is called a hopper unit 
also a slinger unit. 

Mr. McMILLAN: The castings are pretty clean from the s! 
out, are they not? 

Mr. Poutson: Yes, on the mechanized lines. 


11 International Harvester Co., Hamilton, Ont. 











FEEDING OF METAL CASTINGS 


Derivation of a General Equation for Gating Castings and Experimental 


Evidence in Support of Same 


By A. F. Faber, Jr.’ and D. T. Doll’ 


ABSTRACT 
e principal object of this paper is to present a simple formula 
raph which can be used to calculate the optimum size of a 
r and the gate between riser and casting. An equation is 
ived and experimental data is used to support the mathematical 
i heat transfer analysis. Other information and data are given 
r several non-ferrous alloys. 


ALL CASTING PROCESSES have certain inherent fea- 
ires irrespective of the casting method employed. To 
btain cast metals which have a prescribed external 
rm and the desired internal soundness, it is necessary 

consider the physical changes occurring with change 

f state. Most commercial metals. when cooling as a 
quid and when passing from the liquid to solid state, 
ndergo a contraction in volume. To prevent this 
fect from producing defective products, means are 
mployed to counteract the shrinkage within the limits 
possible. 

Practical solution to this shrinkage problem takes the 

wm of one or more reservoirs of liquid metal, external 

to the casting proper, and linked to the casting proper 
certain channels. Foundry terms for these features 

e risers and/or feeders and gates. 

The fundamental character of the casting process is 
extraction of heat from the liquid metal] while at 
same time compensating for any shrinkage in 

lume. Several factors immediately appear which in- 

luence the casting process. These might be stated as: 

e size and shape of the casting, the properties of the 

id material, the properties of the metal being cast 

| considerations which affect the method of gating 

nd feeding. 

Each mold material and metal will have properties 

ich are unique. By this is meant that a particular 

bstance has more or less precise physical constants 
hich need to be employed in the solution of the heat 
transier problem. And in this sense it should be noted 
iat one cannot escape a noticeable lack of reliable data. 

From a theoretical consideration it is quite reason- 

dle to assume that there is one best way by which a 

given casting can be produced, in so far as any par- 


an Engineer, H. B. Salter Mfg. Co., Marysville, Ohio. 
\ssistant Professor, Department of Metallurgical Engineering, 
stitute of Technology, Cleveland, Ohio. 





ticular casting method is concerned. By this is meant no 
defective pieces with a minmum of cleaning room scrap, 
Perhaps this ultimate goal cannot be reached practi- 
cally but it is a constant endeavor on the part of foundry 
personnel. 

It is recognized that there are a number of variables 
to be considered in any casting process, and it takes 
time, effort and experience to correlate these factors to 
their proper value and effect. However, it is felt that the 
technique to successful casting is largely concerned with 
proper gating and feeding. In many cases the placing of 
gating and positioning of feeders has relied upon the 
dictates of past experience. It is easy to understand 
the individual approach to the gating problem and why 
gating methods may show considerable variation. Each 
of any several methods may provide satisfactory castings 
but it also poses a question. Is there not one best way 
from the standpoint of economy of metal? 

A number of contributions have been made toward 
the solution of the problem of gating and risering of 
castings. This paper is largely a mathematical approach 
based upon the premise that the production of sound 
castings is closely related to heat transfer. It is not 
offered in a too positive sense. However, the funda- 
mental consideration (heat transfer) , acting as a guide, 
has helped in the solution of a number of foundry 
problems over the past several years. 

While the experimental work was carried out using 
plaster molds, the authors feel that the principles can 
be successfully applied to other mold materials. 


General Equation for Gating Castings 


The principal object of this paper is to present a 
simple formula or graph, which can be used to calculate, 
in a matter of a few minutes, the optimum size of 
shrink-bob or riser and the gate between the riser and 
casting. It is felt that the formula can be applied to get 
sound castings using any alloy in any molding material 
and will suffice for the geometry of a large percentage 
of commercial castings. 

In practical application, benefits may be derived in 
the form of more castings per mold, lower metal usage, 
and for sound castings an increased safety factor against 
foundry operating variables. 
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Fig. 1—Graph of Cooling Curves 


At the instant a mold is filled with molten metal, the 
casting, bob,* and connecting gate, all are at the same 
temperature or very nearly so. There begins then direc- 
tional solidification which may be likened to a race 
against time. Heat is flowing out of the bob and cast- 
ing into the mold and, as the casting should begin to 
lose temperature faster than the bob, heat flows from 
the bob through the gate into the casting. 


The cross-sectional area and length of the gate act as 
a valve on heat flow. This valve is sensitive for high 
thermal conductivity alloys and may destroy otherwise 
good proportions of bob to casting and force the casting 
to tose the race with the bob. Liquid pressure derived 
from height of sprue or riser or bob is to no avail unless 
the conditions of heat transfer are properly satisfied. 


Mathematics of Heat Transfer 


To simplify the mathematics of heat transfer the 
casting is considered as a heat unit, the bob as a heat 
unit, and the gate connection as a valve. The inter- 
relation of these units is then derived. It will be shown 
that casting and bob are essentially at the same tempera- 
ture at the instant the mold is filled. 


The most important assumption made is that the 
initial rates of cooling determine the entire balance of 
cooling despite the interruption due to heat of fusion. 
The geometry of the casting and the gating pre-deter- 
mine the rates of cooling. The mathematics say in 
effect that the final result will be satisfactory if cooling 
gets started correctly. Test data on sound castings will 


*The word “bob” will be used to mean feeder, header or riser 
and not necessarily restricted to the usual meaning of bob. The 
word “gate” will be used to designate the metal section between 
“bob” and casting and not restricted to means of metal entry to 
the casting cavity. 
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\ 
show that it is possible for both casting and 
at the same temperature while the heat of 
being dissipated in the mold. : 
The overall picture presented may be o 
follows: 
1. Derivation of the General Gating Equa 
2. Derivation of an equation for the ten ' 
distribution in the mold which must be know: ' 
the general gating equation and which facili t} M 
use of test data. ° 
3. Description of a simple test procedure. ; 
4. Application of test data to support assumptio; ‘ 
made in the derivation of equations and to indicate th 
manner of integration of temperature for use in equ 
tions. 
5. Test data obtained on a number of differen: 
ferrous alloys. rl 
6. Curves for various alloys to be used in calcu ’ 
gating for commercial castings. 
7. Discussion. ' 
1. Derivation of General Gating Equation: Defi 
tion of Terms. 
A. &’ Ta -diffusivity T! 
Cp 
V volume in cu ft BS 
A area in sq ft * 
R distance in ft to midplane rose D 
which there is no heat flow gat 
t = temperature in deg F 
O = time in hr 
k = thermal conductivity in Btu px lor 
per deg F per ft per hr 
ht conductance, in Btu per ft? per di 0 
F per hr 
== density in lbs per ft® 
C,= specific heat—Btu per Ib per ce 0 
L= length or linear dimension i: 
Q= total heat in Btu 


B. 
ney and Lurie! is used as a starting basis. For heat trans 


Subscript B refers to bob 

Subscript C refers to casting 

Subscript G refers to gate 

Subscript P refers to plaster or mold mate! 

Interface refers to a metal surface across 
there is heat flow. 

Subscript a refers to metal 


The mathematical approach indicated by Gu 


mission in the unsteady state a body of metal of a! 


shape is considered to cool by losing heat to some su! 
rounding medium. The heat given up by the metal 1! 


cooling is equal to the heat absorbed by the mold. 1! 


mathematical expression of this heat transfer may ! 


t 


written 


dQ =h,A (dt) moura dO = V CC (dt) meta. ....----- 


Now h,, which is the heat conductance through the 
mold-metal interface, must be dependent upon the cor 
ductivity of the mold material adjacent to that face 
Since the derivation is only concerned with initia! coo 
ing rates while the metal is liquid, it is obvious tha 


there is no air gap to complicate matters. Then ), =; 


Terms of the equation will now be rearranged 


> 


a6 


d 


rs] 
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Gurney and Lurie. The expression for inte- 
f the temperature terms will only be indicated, 
solved by test data. 


then be written— 


1 divide by R? and Ka. 
r ht as defined above. 
for dta, (Temp. drop)a 
S itute for dt,, (Temp. differential),. Rearrange 
hen— 


R?x (Temp. drop)a ' 


k kp. (Temp. Differ) p 
) ( , ) [ PY I P| 
a\("Cp7 alka L/R 


rm Temp. differential per L/R is an expres 
rived from temperature distribution in the 


C. Refer to Fig. 1 in which straight lines represent 
of bob and casting. In one direction is plotted 
d in the other direction is plotted a temperature 


[he slope of the cooling curve for either bob or cast- 
in independent cooling unit is changed by some 
ingle as the effect of the gate is added. 


D. Consider an imaginary plane cutting through the 
insversely and let this plane be called an inter- 

\s cooling progresses a temperature differential 

ps and causes heat flow across this interface. As 
heat given up may be equated to heat received. 
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=e Fx 
ht ate ’ 
LG 
and, 
ky Eq. 8 
I 
RK e 
ct across 
AG , 
J LG gate 
( Temp. ¢ gee ( Temp. pom . 
. ; ; 
\due to gate/a due to mold/a As] k dt) mold 
Lka L/R 
[he term in brackets is equivalent to (dt) metal, the tempera 


ture differential in the bob due to heat lost to the mold 


FE. Refer again to Fig. 1. Apply the law of tangents 
for the angles of slope and make substitutions as derived 


in item D. 


Temp. Drop)a __ ky 


Temp. Diff.ja ka | (2°) 2. ky 
0 \ xX 


oe R 


E Ac R He) Ec 
ts An Lo dt)a 


(dt) gate 


[est data indicate that S approximately 


(dt) metal 
unity for values of k, of about 30 and for the design 
ratios used in the test. Experience in a particular foun 
dry would indicate desirable design ratios to be adapted 
as standards, thereby permitting more accurate deter 
mination of the (dt) ratio to be used. Strict mathe 
matical derivation would not permit generalization of 
assumptions with regard to the value of the (dt) ratio 
but it can be seen shortly that rather wide variations 
will have a negligible practical effect. 

Refer to test data of cooling curves at any time while 
temperatures are in liquidus range, Fig. 3-I. The term 





























V(°Cpdt)bob or casting Eq. 45 : : ‘ ? 
0 we ic hacia ai (dt) gate is the temperature differential between casting 
and bob: the value of this term is found to approximat: 
VC Cpdt)bob or casting the value of temperature differential (dt), across th 
Cee - : Eq. ‘eqD 99 
ss (hrAdt)mold R” of the bob. 
0, and (VCCp being constant, combine equations, then Therefore, for high conductivity metals move the 
henge Temp. change (he AG dt)gate bob farther away from the casting than for other metals. 
—) due to mold/a” (ht AB dt)mold oo For same ¢ ), equate functions for casting and bob and 
us definition of conductance, solve for R B ‘R.?. 
4F 
' ' 
MOLL THERMOCOUPLES 
' 
' 
. > C =e > “e 
~ Sel LF 
a ee) A 4 AD. 
if rr lau 
ID a a 
7 “. ' A 
, a 
Je 
ys" % 
i 
z. ~ 
3 eal 
CASTING GATE” B08 





Fig. 2—Sketch of Casting and Bob 
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mp Drop Ky [= kp | 
I , 
x cast — of bob 

mp. Diff 2) aa * kat? 

np Drop Kp ; & =? ] 
: . Ob = cas 
p. Diff. “ka _V ka - 


bob 


cast 


) 
9, 


I mp Drop ky Fal ; 
Temp. Dif. “kaJ Ss LV J 


‘Temp. Drop. kp AR 
\ . bob cast 
\ Temp. Diff. ka \ 


/ R 
1 bob Eq 
\ LG 
/ ‘ R 
ast 
\ Li 

| nost castings the ratio of gate area to casting area 
ipproaches zero so that the term AG , R mav be 

AY G 
d 
rol inalysis of test data, it is more convenient not to 


ike substitution as in item “D” for the term of tem- 
ire distribution in the mold. The general gating 
tion may then be written: 


L/R ] 
(Temp Seay Temp. Diff woia,) 
L/R 
(Temp rap > Temp. Diff =a) bob | 
AR AGR 
\ ), CG Ae bot Eq. 13 
*) (: AGR ) 
\ st \\ Ac LG/ cast 
I he 


term in brackets [ ] is readily resolved from test 


te 


ta for any particular alloy and mold material. Experi- 
nce in a particular foundry may indicate a slight 
ge to give more or less of a safety factor for varving 
onditions such as inconstancy of alloy composition or 
ouring temperatures. The value of this term is on the 
rder of 11 9: 
[he term (AR/V) is called the shape factor. A thin 
sheet has a value of (AR/V) 1 while a round or 
uare bar has a value of 2 and a sphere has a value of 3. 
Most commercial castings have shape factors in the 
inge of 1.3 to 1.7 and with a little experience values 
be selected without calculation. Shrink bobs and 
sers have shape factors between 2 and 3. When a run- 
is used for feeding it may be considered to have a 
ot 2. 


tor a casting of varying section, R, is selected as the 


thickness of the heaviest section to which the 
is being applied. 
-. Derivation of Penetration Depth (or, tempera- 
listribution in the mold). 


me an element of volume through the mold and 





he «ake» 2 +{=— MID- PLANE 
ow T 
= 4 | 4 


| 
L mop EMETAL 
the heat balance for mold heat mass and for 

















\\ 
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metal heat mass, solving equation ior © Then for 


equal values of ©, 


Substitute for h; and solve for L R wi the penetrat 


depth as a pere 


entage 
AR As lemp 
\ mold x? mold * Drop of Metal 


L/R 
AR metal xX? metal X Ave. Temp 
\ Diff. of Metal 
Ay Temp 
Diff. of Mold F« 
Av. Temp 
Rise of Mold 
For an given ©, it may be writt 
Ave. Temp 
Diff. of Mold 
I R Ca il x kx 
Ave. Temp 


Rise of Mold 


Definition for terms used above 

1. Average temperature difference of mold equals 
average metal temperature at the interface (from pout 
ing temperature to temperature at time ©) minus the 
temperature al L/R being considered. 


) 


2. Average temperature rise of mold is the mean rise 
of temperature fo cle pth of L./R being considered trom 
original mold temperature to curve of temperature 
distribution. 

. The average temperature change of the metal 1s 
taken as the total t mperature change ot the metal from 
time of pouring to time © being considered. 

1. ‘The temperature differential in the metal from 
mid-plane to interface can be calculated knowing that 
the temperature distribution on each side of the inter- 
face is inversely proportional to conductivities of the 
mold and alloy. 

Procedure to analvze test data 

\. Plot test data of temperatures in metal and mold 
versus time 

B. At time shortly before casting begins to freeze 
plot temperature distribution vs. L/R. 

C. Calculate from straight line portion of curve “B” 
temperature distribution in the metal. 

D. Calculate from curve “B” mean temp. rise for 
values of L/R at thermocouple positions. 

E. Calculate average temperature differential for 
values of L/R as in “D.” 

F. Determine temperature ratios of values calcu- 
lated in “D” and “E.”’ 

G. Plot L/R versus temperature ratio and draw 
straight line average to origin. Accurate test data will 
plot as a straight line to origin, thereby making a good 
check on test data. The form of the equation for pene- 
tration depth shows that this curve should plot as a 
straight line to origin. 

H. Check slope of curve in “G” using reported or 
assumed values of diffusivity. 


Neots ( me term does not appear in « ilculations from test 
\ 


data because temperature ratios are measured at the (AR /V) being 
used 
Note For use in general gating equation it can readily be seen 


that ratio of penetration depths for casting and bob is propor- 


AR 
tion to the ratio of V *s for casting and bob 


With the above procedure established, it can be re- 





— 





—— . ———_—————- === 











466 


duced to a short-cut method as follows: 

A. Select time © for temperature shortly before 
freezing. Draw graph of temperature distribution vs. 
L/R. 

B. Calculate mold temperature ratio at largest L/R, 
for time selected. Plot straight line graph of tempera- 
ture ratio to origin vs. L/R. 

C. From curve in “A” select a convenient value of 
L/R and determine temp. ratio from curve “B.” Then 
true temperature for curve “A” can be established for 
straight line portion. 

D. From established values of conductivities calcu- 
late temperature differential in the metal. 

FE. Calculate metal temperature ratio at time se- 
lected in “A” and multiply by ratio of k,/k, as used in 
“D.” Plot this ratio vs. time and draw straight line to 
origin. Data selected for other times will plot on this 
line as to be expected from derivation of general gating 
equation. 

F. Reconcile cooling curve forecasting to a value of 
(AR/V) common to the bob cooling curve so that both 
curves can be plotted on same graph. 

G. Select a convenient value of time in curves “F” 
and determine ratio of slopes. This ratio is the value 
of temperature factor used in the general gating equa 
tion. 

Description of Test Procedure 

3. A test casting having a simple geometry was 
chosen so that correlation of test data with calculations 
would not be questionable. The size of casting and bob 
is large enough so that sufficient and accurate readings 
of temperature and time could be taken. Castings were 
were made in plaster molds. 

Thermocouples were made of 20-gage wire to lessen 
temperature lag of readings. Iron-constantin wires were 
used in combination with a potentiometer instrument. 
The junction of the thermocouple was made by twist- 
ing the wires tightly together for a short length and 
welding the tip. Wires were asbestos insulated. Ther- 
mocouples reading metal temperatures were so 
arranged as to read interface temperatures. 

A mercury thermometer was used for mold tempera- 
ture at station L/R = 50 per cent. Time was considered 
to start at start of pouring and the mold was filled in 


TABLE 1—TABLE OF PHYSICAL CONSTANTS? 





a. ~ > L 
es © = & 2 
“ S = 2 — 
IS) ‘ > = - a o bee = 
‘. = = ¢< Es a 
Sais e~ oS vo i 
- e x as BOs CE; 
O38 AQ ROS a 
Aluminum , , , 157 222 at R.T. 9.99 75.5- 
o _ Je j= _ 
Alloys ‘*“” 174 .260 at 1200° F 9.6 
.101 at R.T. 
) , ) 887 550 : >? 39 3 
ee 6S 30.4 116 at 2200°F 0 “** , 
0.957 524.1 a 56 at m= 
sses ne ha 094 ; 2 50. 
Brasse 1.07 536.¢ .094 at R.T RT. 5 
524.0 70 at Approx. 
Mn Bronze 0.986 sen 9 .100 at M.P. MP 4 
; 93 : 
Sand J. 0.28 65-95 
102.0 
r 0.185 0.1775 
Plaster 34 ‘ 
: (by test) (by test 
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less than 15 sec. This technique was readily r 
so that test data may be considered reliable, § 
of casting and bob, Fig. 2. 

\pplication of test data to support assumpti 
in the derivations of equations and to ind 
manner of integration of temperature. a 

Material: No. 70 Manganese bronze. 

Data recorded November 1, 1945. 

The test data were obtained from measure 
bob-mold interface and at locations in the 
described in the sketch, Fig. 2. This data is { 
min. test. 


oO 


Plaster Mold No = 
Constants Material tM] oF 
density, o)......... ne ah sere 34 . 
thermal conductivity, k........... .1775 
specific heat, Cp ‘ .185 


The average metal temperature differential can 
calculated from the slope of the temperature distrib 
tion in the mold. (See graph of temperature distri! 
tion vs. L/R, Fig. 3, ITI). 


ATT. 18 
At =480 X ——— X— =24.4F 
0 05 

In the above equation the meaning of the numeri T 
values is thus: 480 is the temperature differential over 
5 per cent range of L/R taken in the straight line po in tl 
tion of the 2.5 min. curve, Fig. 3, III. The values 0.177: D. 
and 70 refer to the thermal conductivities of plaste any 1 


and bronze. The ratio 1.0/0.05 is the ratio of R over I 3-11] 


The temperature drop of the metal at the mold-metal ture 
interface is 1935 F (casting temperature) minus 1700} 

















(temp. at 2.5 min.) equals 235 F. - 
A. Ata ratio of L/R = 50 per cent the mold te 
perature at 2.5 min. was 110 F by test. Aver 
The average mold temperature differential will | 
M 
1935+1700 —s 
———— —110 =1708F 
The average temperature rise of the mold will b The 
4 min 
: 1935 +880 4 
1st 25 per cent of L/R: ——>—— = 1408 AY 
zi peratu 
- 880+510 TI 
2nd 25 per cent of L/R: ——,>—— = 695 i¢ 
— 5104230 __ 
3rd 25 per cent of L/R: a 3510 
230+110 _ Th 
4th 25 per cent of L/R: ——>—— = 170 0 
(1408 +695 +370+170) +4=661F 
[he mold temperature ratio is equal to: 
Average mold temperature differential 1708 
rite ae enn a nth a. 
Average temperature rise of mold 661 
By derivation L/R = constant x mold temp. rat 
therefore 0.50 =constant X2.58, and constant 
B. Ata ratio of L/R = 35 per cent the mo! 
perature at 2.5 min. was 300 F by test. 
The average temperature rise of the mold w: 
B 
1935+900 ae 
1st 33.3 per cent of L/R: : =1415 uu a 
2 Sele, 
900 +520 Fg 
2nd 33.3 per cent of L/R: ——. = /1' ture ra 
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520 +300 
rd 33.3 per cent of L/R: = 
118+710+410 3=846!] 

1518 

emperature ratio will be 

8 4¢ 


I constant XA moia temp. ratio 


constant X I 


‘ 
55 


In the above items A and B the calculated valu: 
onstant from test data was determined to be 
und 0.1955. If, then, a graph is made relating the 
mperature ratio to L/R in per cent, a straight 
| be obtained as indicated by the constant. This 
s shown in Fig. 3, IV. 
lhe value of the constant can be calculated from the 
ns for penetration depth, Eqs. 15 and 16. 


x 
metal temperature ratio 
x 


d 


0.0282 _ 235 (av. temperature drop 


1.4 24.4 (av. metal temp. differential)B 
0.194 
AR “ee 
ould be noted that the ( ; term is included 
\ 
in value of the metal temperature ratio. 


D. With the value of the constant obtained by test, 
any point in the temperature distribution curve, Fig. 
5 | 


-III, can be calculated. For instance, assume a tempera- 
f 1235 F in the mold and calculate L/R. 


1935+1700 


nold temp. differential 1235 =583 | 
2 
1935+1235 _ 
oid temp rise =158 I 
: 
583 F 

M temp. ratio: ———=0.368 

1585 


L/R=0.194 X0.368 =7.14 per cent 


The above procedure may be used for a test time of 


ote 


\. Ata ratio of L/R = 50 per cent, the mold tem- 
perature at 4 min. was 135 F by test. 
Che average mold temperature differential will be: 


1935+1670 
~ —135 1667 fT 


[he average temperature rise of the mold will be 


5 


P a 1935 +1050 , 
Ist 25 per cent. of L/R: - 1443 
1050 +630 
a P : . ) 
nd 25 per cent. of L/R: . = 84 
ios 630+350 
rd 25 per cent. of L/R: - = 490 


~ 


350+135 





i) 


+th 25 per cent. of L/R: r 


14434+840+490+243) +4=754 F 


1667 


Che mold temperature ratio = 2.21 

b. Ihis mold temperature ratio is plotted vs. L/R 
and a straight line drawn to zero, Fig. 3-IV. 

tung an L/R equal to 11 per cent the tempera- 
tio is found to be 0.47. 
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and x 1140 F temperature at L/R equals 11 per 


cent. This value is plotte don the t mperature distribu- 


tion curve, Fig. 3-III. 


\. Ata time of one minute and an L/R ratio equal 
to 0.50 the mold temperature is 95 | 


Average mold temperature differential w ill be 


TRO 


4] 
[he average temperature rise of the mold will be 


ist 25 per cent. of L/R 


d 25 per cent. of I R 


F : 230 +11 ' 
rd 25 per cent. of L/R . 1 
<7 115 
+th 25 per cent. of L/R 10 
> 
1192+390+173+105) +4 =465 I 
Che mold temperature ratio 3.8 


B. The temperature ratio, 3.8, is plotted against 
L/R equal to 0.50, Fig. 3-IV, as a straight line to the 
origin. At an L/R value of 7 per cent the temperature 
ratio is found to be 0.55. 


Solving for mold temperature at this point 


1935+1780 
a: 
1780+<A 


, 
then equals 1070 F at L/R equal to 7 per cent 
In the same manner the mold temperature can be 
determined for an L/R value of 12.5 per cent. This 
temperature is found to be 680 F. 


Temperature Distribution 
On the basis that the thermocouples evidence a tem- 
perature lag the curve for temperature distribution in 
the mold is plotted using the calculated values, Fig. 
3-II1. 
A. Calculation of the cooling curve of manganese 
bronze as related to the bob. 


A graph, Fig. 3-V, is determined in which either of 


the following relationships are plotted. 


kp 
Metal temp. ratio » vs. time (0 
ka 
; L/R 
or, Av. metal temp. drop >» vs. time (9 


Mold temp. diff 


B. From the temperature distribution curves, Fig 
3-III, determine the metal temperature differentials at 


several selected times. 


0 


kp 32.2 , 0.05 
UV min - > x 


" ka "60K 
kp 24.4 0.05 


0 =2.5 min. - => 
ka 480 1.0 


kp 18.75. 0.05 
‘ka 370 1.0 


0 =4.0 min 





ae 








= 
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Metal 
& Bob Temp Temp. remp kp 
rime Iremp. Change Ratio Ratio ~~ ka 
Pour 1935 I 
n - 0.05 32.2 7.5 
1 1780 155 x x = 0.00645 
32.2 1.0 600 32.2 
1-1/2 1740 195 
Z 1720 215 
= 47 0.05 24.¢ 47 
2-1/2 1700 235 . ee? yp 8S 38 0.015 
24.4 1.0 480 24.4 : 
3 1690 245 
3-1/2 1675 260 
" 187 0.05 18.75 87 
4 1670 265 - 4s . Lae . 0.0253 
18.75 1.0 370 18.75 : 
4-1 /2 1660 275 
155 
For 1st min. av. change ~ 77.5 F 
For 2nd min. 1st 1/2 155/2 5 
2nd 1/2 155+215 
185.0 


2 /262.5 =131.2 I 
For 2-1/2 min. take av. of 2 min. and 3 min. = 147 | 


For 3rd min. 


Ist 1/3 77 
2nd 185 
3rd 215+245 
. 230 
; 3/492 =164 
For 4th min. in same manner = 187 


The graph of the values 0.00645, 0.015 and 0.0253 
against the respective times gives a straight line to the 
origin, Fig. 3-V. 

A calculation of the cooling time for the bob as a 
check on the derivation of the general gating equation 
can be made. 

From the fundamental equation, 

V¢ Cpdt 


dO 
he A dt 


the general gating equation is derived as: 


R*X (Av. temp. drop of bob) (Eg, 17) 


AR li Temp. diff. Te AG. S| 
ec ip L/R mold Ap Lo 


Values are converted to the proper units and substi- 
tuted for R, L and A. The density must be corrected for 
thermal expansion. 


Linear coeff. of expansion emus 10.77 X10-® 

Vol. coeff. (linear X 3) ..3.23 X10-5 

For temp. rise of 1600 F, coef. is s.« CSS? 

Corrected density 524 ; 500 Ib /cu ft. 
1.0517 


Then for a temperature drop from 1935 F to 1700 F 
there is obtained: 


1.25 
“<< 60> 0.015 


775 
+, (1.10) 
(500) (0.10) 70 


0 =2.5 min. by calculation as compared with 2.5 min. by test. 
It should be noted that the term (AR/V) is included in 
the temperature ratio. 

The calculation of the cooling curve for the casting 
is made in the same manner as the bob. 

A. Select the same points of temperature as were 
selected for the computation of the bob. Then k,/k, of 
the bob can be used by correcting for (AR/V). 
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B. Calculation ot average temperature drop 


Cast- 


ing any ast 
Data Cast Iemp. Temp. Ratio bob/ as 


Time Temp. Change Ratio 
Pour 1935 F 
ls 1760 175 
1 1720 215 

156 156 dt 05 
114 1700 235 

dt dt 480 1.0 
114 1690 245 
2 1675 260 
z a , 191 91 dt 0 
2 1670 265 

dt dt 0 1.0 
l6 1660 275 


For 1st 14 min. av. change = 175/2 =87.5 
For 1st min. 

Ist 87 
215 195 


> 1 Tr 
and * 2 2)282 =141 


For 114 min. take av. of 1 min. and 1!%4 min. 
For 116 min. 


Ist ly = 87 
2nd 14 = 195 
215+245 
3rd 14 “ 230 
sf 3)512=171 
For 2 min. 
Ist 14 87 
2nd 14 195 
3rd 1% 230 
h 245+260 253 
th 1% = = — 
woes 2 4)765 =191 


For 2.5 min —in same manner = 206 
Plot 0.0108 and 0.0171 vs. 90, which is a straight line 
Fig. 3-V. 

The calculation of the cooling factor for use in the 
general gating equation for No. 70 manganese bronz 
in plaster mold can now be made. 

\. Refer to cooling curves as plotted from data on 
bob and casting, Fig. 3-V. 


at 0 =4.0 min. 
0.0335 


Ratio of cooling rates = —— as 1.315 
8 0.0255 


B. The test casting was broken at several sections 
and fracture indicated that the casting was entirely 
sound. Experience would indicate that a slightly lower 
value of the cooling factor would still produce sound 
castings. 

Discussion 

he scope of this paper has been intentionally lim- 
ited so that attention will be focused on the heat transier 
and mathematical analysis. The ultimate purpos¢ 
the investigation is to provide information which will 
enable a more precise selection of dimensions for gates 
and feeders. This paper can be considered as a first step 
in that direction. 

No rigid answer has been given relative to the effect 
of the time required to fill a mold, or the possib ity 
of an initial temperature differential. The experim ntal 


technique used may help to provide the means vhereby 
definite answers to these questions could be « ybtained 
Extrapolation of data, presented herein, ei ites that 
these factors are of a low magnitude of error and wou Id 

yr rather 


not adversely affect practical application even 
heavy castings. 
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ase in its simplest form states, that any riser and 
ill be of such size and shape so as to provide a 
yus flow of heat from riser to casting until freez- 
ompleted. If this condition can be initiated to a 
t degree then a sound casting should result. 
volume of liquid metal be considered it is ap- 
that, in order to cool, the heat present in the 
ust be conducted away. The quantity of heat to 
s the increment of sensible heat obtained in 
from the temperature of the cast liquid state, 
temperature of the solid state at the freezing 
[his heat is lost by conduction through the metal 
cross the mold-metal interface and into the mold. 
rection of heat travel will be to follow a diminish 
perature gradient. The process is one in which 
s lost continuously and directionally. It is also 
own that freezing progresses in a direction oppo 
the heat flow. 
aintaining a thermal gradient from riser to cast 
d temperatures of sufhcient magnitude along this 
t to permit metal flow, a condition exists which 
rmit feeding the freezing casting. This principle 
ressive solidification is well known to foundry 
No effort is made to confirm this principle; 
is been done. The question is, what are the opti- 
reometric conditions necessary to establish and 
iin the progressive freezing? 
nce the derivation has been largely mathematical it 
appear that a number of variables have been 
d or omitted. Such properties of metals as fluid- 
mperature range of solidification, tendency to 
seeregation, hydrostatic pressure of the riser and 
tion in the liquid state have been considered in 
ct to then probable effect. 
ould be advisable to investigate several alloys 
ch have marked differences in their metallurgical 
racter. Only in this way can concrete evidence be 
ted in respect to the above mentioned proper- 
However, it may be advisable to inject a thought 
wo concerning these variables, keeping in mind the 
damental conception that the problem is one of 


it transter. 


F] 


lidity is a property related to the character of the 


loy or to the temperature of the liquid. To improve 
idity, particular additions may be made to the alloy 


the temperature of the liquid metal raised. The 


ngular purpose of this property is to promote a com- 
pur} pro} \ 


PY 


I 


Di 
i 


‘ 


) 


ely and readily filled mold. A higher casting tem- 
iture will require a longer “cooling to freezing” 


riod but neither that nor alloy composition should 
er the basic reasoning of the derivation. 


hat the temperature range of solidification does 
influence the results obtained by the method is 
ne out by the experimental data (see Appendix). 

gregation in an alloy is quite frequently related 


the range of solidification and the solubility of con- 


nts. Should a pronounced interdendritic net- 
x be formed in the upper portion of the freezing 


ige, metal flow may be restricted. Such a condition 


t require a larger gate. 
lvdrostatic pressure is an added means to promote 


iow. The amount of metal used in a riser is consider- 


lore than is needed to compensate for the contrac- 
1 of the casting. This excess metal is more directly 
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associated with the requirement of a heat reservoir, 
rather than hydrostatic pressure. 

The contraction encountered in the cooling and 
freezing of a cast metal must be provided for in some 
manner. Those alloys which possess a high degree of 
contraction will require more careful gating and riser- 
ing than those of less degree. However, the prin iple of 
heat transfer and the method by which the transfer is 
maintained will be essentially the same as has been 
considered in this papel 

In Fig. t are shown two curves which relate the ratio 
of bob diametter to casting thickness as a function of 
the shape factor. If a given volume of metal, V, is cast 
as a sphere, the ratio R,/R, is a quantity whose value 
is assigned as x. If this volume, V, is now cast as a flat 
plate the section thickness will be less than the sphere 
but the ratio R,/R,. will be greater than x. In other 
words a change in section shape of a casting will in- 
fluence the ratio of bob diameter to section thickness. 

It is recognized that further experimental data should 
be obtained to support the analysis presented. Experi- 
ence with other molding materials, different sizes and 
shapes of castings should be worth consideration. It is 
hoped that further work will bear out the present con- 
tention and point the way to a more complete solution 
of the problem. 

Summary 


1. Based upon a fundamental heat transfer equation 
the derivation of a general gating equation has been 
made. Certain assumptions in the derivation have been 
supported by the use of experimental data. 

2. A certain amount of successful experience has 
been accumulated by way of practical application of 
the method to castings made in plaster molds. 

3. Certain factors or variables concerned with the 
metallurgical character of metals have been considered. 
These factors have not been fully investigated but it is 
felt that they will not greatly alter the heat transfer 
analysis. 

4. Curves have been presented which indicate the 
relation of a shape factor to dimensions of the casting 
and feeder. 
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Fig. 4—Curves for size of bob derived from 
general gating equation. 
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Fig. 7—Curves for No. 195 Aluminum Alloy 
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rther work is suggested to broaden the appli 
f the equation and to support the contentions 
resente d 


Appendix 


( utions similar to those previously performed 
ganese bronze are indicated below for a 5 pet 
icon aluminum alloy. Figure 5 presents curves 
experimental data and the calculated values 

6 and 7 are curves of a similar nature for two 
vs. calculations for which are omitted here. 


( lation on 5 per cent silicon-aluminum alloy 


depth 0 =3.0 min 





Id temp 120 ] 
OO 1150 
perature differential : 1 
I erature r 
t 144 L/R — 1 
| av ’ 4 
nd 1,4 : 4 
> 
. ) 20 170 
; ; 4)1970 492 
B. At L/R—0.25 and mold temperature 375 | 
, t 
: 
. 1400 +1150 
; emperature differential - 0 | 
perature rise 
0 20 
ct I R 1010 
> 
; 20) +9 
2 2)1407 703 
900 
atio —— 'e] 
U5 
. ° » 
From curve temperature ratio vs. L/R corrected 
ilue of temperature ratio for L/R=.50 is 2.4 
0.50 
Constant 0.2085 
2.4 
D. Calculate L/R for 900 F mold temperature 
1400 +1150 a 
mold temperature differential : 900 375 1 
1400 +900 ‘ 
1 temperature rise : 11501 
375 
ratio = —— =0.32¢ 
1150 
R 8 per cent 
120 
500 .1775 
— At= oe 10.85 } 
068 120 


\. Calculation of cooling curve for 5 per cent silicon 
uuminum alloy. Calculation of average tempera- 
re drop—shrink bob. 





17 
Metal 
B ler fe l k 
I c Ter Droy Ra Ra k 
Po 
: | 
i i 
I i i I 
i rat i i 
B. Assuming k 120 
Ay i U I i I i 
Mold t pera rat 
Plot ) 
( Using general gating ¢ quation to calculate © 
Q ( ) 
on 
0 mi! Yb 


\. Cooling curve of casting 5 per cent silicon alumi 


num alloy. 


Calculation of average t mperature drop. 


(**) 
Cast- Temp Kp \ casting 


ing Temp Temp Ratio ka” AR 
Dime Temp Drop Ratio \ bob 


Pour 1400 
1220 180 
] 180 220 
l 1150 250 ] O8 
t)} 
11 11 ) 
For 1.5 min 
st period 1380/2 
2nd 180 220 
iW) 
> 
j > a/ 


From penetration depth recorded for bob and at same t mpera- 


kp AR 
ture of metal, —- is known and can be corrected for of 
Ka \ 


casting 


lot 0.0153 vs. 0 on graph of cooling curve. 


B. From graph of cooling curves at 0==3.0 


0.0305 
Cooling factor - 1.42 
0.0215 


Cooling curves—5 per cent silicon aluminum cooling data 
Proceed with method of calculations as established. 


Apply penetration depth data of curves to cooling data 
of curves. 




















= 
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Then cooling ratio for bob at 0 =3.0 is 0.0212 and cooling ratio 
for casting at O = 1.75 is 0.01615. 
Plot curves as straight lines to origin. 

0.01615 
Then, cooling factor for gating equation =1,30 

0.0124 

Calculation of cooling time for shrink bob from 1400 F to 1230 F. 
Correct density of 170 lbs/ft* for elevated temperature 
0.00001 234 
0.00003702 


Linear coefficient 
Volume coefficient 


For 1200 rise. . 0.0443 
170 . 
Correct density 162.5 
* 1.0443 
Then, 
1.253 
60 (.0124 12 
©) oor 
120 1775 
: 1.10 
162.5 * .260 120 : 
© min. = 1.59 calc. vs. 1.75 by test. 
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DISCUSSION 


Chairman: H. F. Taytor, Massachusetts Institute of Tech- 

nology, Cambridge, Mass. 

Co-Chairman: W. J. Kvayer, Aluminum Industries Inc¢ 

Cincinnati 

CHAIRMAN TayLor: While you are dealing in this case with 
plaster molds and can neglect the factor of fusion, that is not 
so easily done when one considers the pouring of metals in sand 
molds. Steels, for example, would immediately start to solidify. 
Some of the physics and mathematics in this calculation ar 
based upon complete lack of consideration of initial fusion. 
If the first crystal begins to solidify shortly after pouring then 
perhaps your equation would not work. 

Mr. Faser: In the non-ferrous alloys, we have higher thermal 
conductivities which tend to equalize temperatures through the 
bob and through the casting. I should have pointed out on 
one of those aluminum alloys we calculated the temperature 
differential between the center of the feeder to the surface and 
it is only 1214 degrees. If this were the case in iron, that tem- 
perature differential would undoubtedly be greater. With the 
amount of superheat that you use in pouring steel, whether 
that is so little that you would get into the heat a fusion almost 
immediately, I do not know. 

I would like to go a little further and say that suppose for 
the purpose of test you deliberately put on a lot of heat of 
fusion. In that way we can get the test data and, knowing that 
cooling ratio with that high heat of fusion, put it in the equa- 
tion to get the general gating equation. You will be on the 
safe side anyway and maybe by further experience just take 
that curve as in Fig. 4 and slide it down a little. I do not think 
it is going to come down much but if you work it out for a high 
superheat, pouring hot castings, you know in pouring colder 
castings you are certainly going to be on the safe side. If the 
geometry of the cavity in the mold tells us whether we are 
going to get a good casting or not, everything else being equal, 
once we have established the feeder we can make a good casting 
time after time and the reason for it would be that the geom- 
etry did control. We are using this reservoir outside the casting 
to produce a good casting. The size of that we know is going 
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to control the heat transfer that takes place. Ma 
actual conditions you would get into freezing a litt 
but for the purpose of the test and the purpose of 
something that you can use, curves as in Fig. 4 wi 
accurate. 

Dr. V. PascHkis*: On p. 463, paragraph C ref 
in which the straight lines represent the cooling 
as if it were just natural that straight lines obtain. 7 
matics in the paper is based on this assumption. | 
important to know the basis for this assumption. 

Mr. Faser: In Eq. 1, supposing we just transpose 
tials of temperature, collect them on one side. Then 
ferential of time is equal to some constant times a rat 
differentials. In that form of equation, time equal to 
times the ratio of the differentials, that would indicat 
line function. 

N. Janco*: How does the size of the bob take 
the amount of volumetric shrinkage of the casting 
solidification period? 

In Fig. 4 you show that the shape factor varied o 
of practically speaking from one to two or from one 
Ihe curve was very flat, with the result that it app: 
the effective shape was not of reat moment upon 
you got so far as ratio is concerned. The fact that the 
is so flat meant you could have a wide range in shape 
and still obtain very closely the same answer so far as 
is concerned, which is the vertical axis. That was rat 
zling because it did not seem to cover a very wide range 

You stated that for a particular casting of any typ: 
hit more complicated than the one you chose ther 
you actually know what shape that was? You menti 
it can be calculated very simply or by looking at it. | 
follow that very clearly. Then again I do not follow tl 
come back to the fact that regardless of the shape fa 
get very closely the same answer on the vertical axis 
the flatness of the curve. 

Mr. Faper: I am glad you brought out the point 
relation between the volume and the actual volume shrinkag 
You will find in static casting you have a different cond 
than what you have in a centrifugal casting in that we 
using a reservoir to get a heat mass. Take the weight 
casting and multiply it by something around 3 o1 
and add that amount to the top of the bob. 

In talking about any bob, the height has to be 
or just about equal to the diameter otherwise the s! 
of this bob and the size of the bob is really different 
instead of looking at the diameter, you have to look 
thickness instead. Your shape factor would change if 
were too small. Start out by saying the height has 
equal diameter and then add a certain amount to t 
by the percentage of weight for volume shrinkage. 1 
put you on the safe side. 

You have a little advantage in pouring metal in st 
in that it is a lot easier to establish these cooling slopes 
the ratio between the casting and the feeder. If you « 
measurements and work out such a test for your iro! 
you would find it much easier to establish those ratios 
produce a sound casting. That lets you make tl 


est 
smaller. 

If you were to apply the curve to different shapes, | 

think it would look so flat when you actually got don¢ 
other words, if you took this particular casting and n 
a flat casting and maybe something in between ther 
would find that the size of that feeder was appreciabl) 
I do not know that I can express it very simply. It 
way the mathematics came out. It does give you a 
Che slope that is required to get a good casting wi 
somewhat. 

Calculating shape factors, we would calculate th: 
the volume and we can measure the section thickne 
into. The ratio of those three numbers is our shay 
You can look at them and guess. I say that some fell 
a lot rather do that. You will find after a little p1 ( 
you come pretty close. If you did calculate it, it 
make so much difference in the actual size of the feed R 
the more important thing to watch is the size of that ¢ 


fi 
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working with the higher conductivity alloys 
RMAN KLAYER: How would your method work if the 
quite large and complicated? 
per: If the casting were larger, let us say ten times 
uld still use this formula. The formula should hold 
ise the heat transfer analysis was set up on dimen 
ys. I do not think that we could get beyond the 
he equation itself Ihe volume of the shrink bob 
is going to change, of course 
RMAN KLAYER: I specifically had in mind two or three 
ese on one casting. Would you pour from fou 
in around and put a shrink bob on each? Say it is 
f four cylinders and no other connection between 
Not just a simple casting. I mean an engine cylinde: 
mething of that kind 


ABER 


In a more complicated casting of that type there 


point 


or 


definite 


limit 


as 


to 


how 


far 


from 


riseT 


metal into a casting. I do not know what that is 


with just one feedei 


} 


Ihe formula does not take that into acc 


that you we have t l n 
lo put more nan one sti I that sex 
ise the same size ot teeder In other we 
tt the Same size of risers and feeders 
Co-CHAIRMAN KLAYER: I wou ass 
ings you would wust ada the Sel wi 
your tormula hold and how <« iid vou 
formula to tell approximately what siz 
¢ Would the formula he 
Mr. Faper: | nk e fe \ 
Ke the same s pe tact i ne 
e size of \ feeders. How ve 
cannot t from the formu I his 
i l lt K such tl v i 
rt the I the atics c © ce 
, ther ste er? Ss tO « 


Maybe your experience would tell you 


ne If vou did ave 
lO! ICATICSS lw lid 
Ss, Kee] id ing m 
ue rat is 
cre c* ‘ 
Stal I ! your ‘ 
We w . 

‘ i tell 5 
we Oo put on 
y etting something 

e o! . x . ile 
t l sé 
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MATERIAL HANDLING IN A MALLEABLE 
FOUNDRY PROCESSING DEPARTMENT 


By 


N. J. Henke ' 


Saginaw, Michigan 


[HE PURPOSE OF THIS PAPER is to outline the 
general principles of good material handling in a 
processing department as well as to illustrate the 
economies and improvements that can be realized by 
the application of these principles. 

Ihe material source is a malleable 
ducing approximately 330 production and 150 service 
castings, varying in weight from 0.3 lb to 86 Ib, at an 
output of approximately 550 tons per day. However, 
the methods that will be discussed are applic: ible in 
small as well as large processing departments. 

High production molding practices demand the cast- 
ing of several pieces simultaneously. Consequently, 
it is practical and economical to handle the castings 
by mixed groups in the foundry and through the 
anneal. However, it is necessary that the castings be 
sorted in the processing department and that every 
casting be handled individually several times before 
it is ready for shipment. 

The operations in the processing department vary 
from sorting the rough castings after annealing to 
inspecting the finished castings prior to shipping. 
Since the work performed at each operation is not 
identical for each type of casting, it is necessary that 
material handling methods be flexible and diversified. 

Belt Conveyor. Powered belt conveyors are effec- 
tive for operations that involve constant supply of 
materials in large quantities over a definite line of 
flow. One such operation is that of sorting the cast- 
ings after they have been annealed. 


foundry pro- 


Figures | and 2 illustrate a sorting system of ele- 
vated endless belts arranged in a rectangular manner 
and paralleled by storage hoppers and disposal chutes. 
A system of this nature promotes rapid and economi- 
cal movement of castings from the anneal into the 
processing department and permits effective sorting 
directly to the grinding operation without further 
handling. 

Economic material handling is obtained by the use 
of transporting equipment that is capable of being 
used for a variety of operations. Such equipment 
should be designed to permit its effective use under 
changing conditions and varying rates of production. 

The high lifting, electric power, platform truck, 


1 Supt. of Cleaning and Inspection, Saginaw Malleable Iron Di- 
vision, General Motors Corporation, Saginaw, Michigan. 





Fig. 3, and the dump type hopper, Fig. 4, ar 
nucleus of efficient and flexible material 
heir use enables the rapid movement of larg 
quantities of castings between operations, 
storage ahead of the operations. In addition, ther 
a rapid turnover of equipment since the hoppers ma 
be dumped into larger capacity stationary 
each operation. This equipment also makes possib| 
the supplying of materials to the operations by gravity 
since it is possible to load castings into a container 
up to nine feet high, as illustrated by Fig. 5 
Magnetic cranes are the best method of 
rough or finished castings to and from storage wher 
inventories are large. 
Although magnetic 
this is adequately offset by the fact that they enabl 
piling the castings to great height in bins, thus cor 
serving expensive floor space. They provide flexibl 
and effective movement of castings away from their 
last operation, thus eliminating the necessity of a great 
many small capacity disposal containers (tote boxe: 
or dump hoppers). In addition, they are capable of 
raising large quantities of castings with ease to levels 
that permit gravity supply for additional handling 
Figure 6 illustrates a 714-ton bridge-type magnet 


move 


provi 


bins 


moving 


cranes have a high initial cos 


crane over a group of finished casting storage bins 
This crane is used for moving castings from 
straightening presses, Fig. 5, to the storage bins and 


from the bins to the shipping dock for loading. The 


loading system will be discussed later in the paper 


Manual Movement by Correlating Operations 

The most economical method of moving 
through their processing operations is that of corre 
lating two or more operations in an “in line’ manner 
Figure 7 illustrates the correlation operations of an 
“in line’’ manner. The processes are Brinel! testing 
and magnetic particle inspection of castings. This svs 
tem is designed for processing castings varying in natur 


castings 


from valve rocker arms (0.3 Ib) to 414 in. pistons (10.0 
Ib) through the following operations: 

1. Spot grind Brinell pad. 

2. Brinell test (dial indicator type machine 

3. Magnetize each casting. 

4. Apply magnetic powder. 

5. Visually inspect for cracks and other defe: 

Many different types of high production casting’ 











tes paralleling endless belt conveyor system 


titans uy 
‘a A Gee! 
TY bl les 


High-lift electric platform truck and dump ty pe 
form flexible unit for maternal movement. 


Transferring a load of castings to large gravily 


~ 


opper supplying a straighte ning ope ration. 





Sorting castings tnto storage hoppers and dts- 





Fig. 2—Hoppers receive castings for grinding operation 


from the paralleling ele ated endless belt conveyor. 





Fig. 4—Dumpb type hopper used with high lift platform 


truck for moving between and ahead of operations 


kig.6 Maegnetu crane moves castings from the straigt f 


ening operation to storage bins and shipping dock. 
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In line” movement with double-sided storage 
hoppers for Brinell and magnetic particle testing. 





Fig. 8—“‘In process” 22-hopper storage system provides 
flexibility for six-station snag grinding operation. 


Fig. 9—Castings of various types are stored in stationary 
sectioned bins ready for the final visual inspection. 
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Fig. 10—This method of counting castings for shipmen; 
is slow, inefficient, and fatiguing for the operat 


are run through these processes, thus necessitat 
efficient flexible performance of each operation. T| 
flexibility is derived by supplying the castings 
operator in double-sided storage hoppers. This e 
ables a different type of casting to be run at 
operation without hampering any of the other op 
tions. The efficiency of the operations is deri 


good work-place layout. 


Processing Operations Vary 

It is impossible to recommend definite types 
equipment or operations for the application of 
method of material movement because process 
operations vary greatly in different foundries. H 
ever, the following general points provide a guid 
the development of an “in line” movement 

1. Select only operations that are, or may be a 
to be, of comparable rates of production. 

2. Select castings that handled effi sta 
by hand. 

3. If several types of castings are to be subje« 


may be 


to the same operation, provide double-sided 


at each operation. 

4. Design equipment and arrange machines 
manner that permits the performance of eacli op 
tion and the transfer of each casting to the next 
tion while the operator remains in a fixed locatiot 

It would be difficult to devise a productiot 
gram with which a malleable foundry could prod 
each day only those castings to be shipped that 


Such a. program would require an impractical | 


of molding stations or an excessive number ot 
changes each day. Consequently, it is imperat 
once a pattern has been placed in productiot 
determined quantity of castings be produced 
known or forecast customer requirem¢ nts. 

However, once the castings have been ma 
a problem of the processing department to st 
as finished or to hold them in abevance of pt 

No hard and fast rule can be applied in dc 
ing the size and nature of “in process” inventor 
It can be said, however, that these inventori 

















Improved method of counting castings for 


Operators may stand erect while handling. 


trolled sufficiently to prevent their size exceed- 
storage and handling capacities of the process- 
partment. 
Storing castings on the flloor in piles is undesirable 
t involves expensive rehandling to pick them up 
ontributes to poor housekeeping and bad 


ictices. Also, castings which have been sorted 
mixed and require resorting. 


Storage Equipment 
ideal theme of “in process” storage is to pro- 
torage equipment for each operation that per- 
hanging the operation from job to job at any 
with a minimum of delay, either by moving the 
d castings to the operator or by moving the 
or to the desired castings. 
Moving the castings to the operator is illustrated 
Fig. 8 by a snag grinding system of six grinding 
tations and 22 movable supply hoppers that may be 
ed as desired by manually pushing from station 
station. 
Figure 9 illustrates the principle of storing quanti- 
of castings of various types in sectioned hoppers 
| moving the operators as desired from one bin to 
ther [he operation illustrated is visual final 
pection before shipping. 
gue. The most elaborate equipment is of little 
unless adequate consideration is given to the 
in element of material handling. As previously 
each casting in the processing department is 
ed individually several times before it is finished 
pped. Although the movement from one opera- 
to another may be mechanical, the handling in 
ertormance of the operation is physical. Con- 
tly, there may exist the element of operator 


limination or reduction of fatigue in many 
lay require the design of special intricate 
nical equipment. However, most operations 
improved readily by the application of a few 
time analysis principles and the law of gravity. 
nparison of the two methods of counting cast- 





Fig. 12—Snag grinding from tote box to tote box, re 


~ 


quiring the operator to move considerable distances. 





Fig. 13—Snag grinding operation improved by raising 
operators and machines above disposal containers 
The castings are supplied from a stationary hopper 


Fig. 14—Straightening operation illustrating crowded 
~ g S - 
working space and haphazard material arrangement. 
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Frio. 15—Straightening operation improved to give am 
~ _ S ~ 


ple unobstructed working space and material supply. 





Fig. 16—This shearing operation set-up is undesirable 


because operator must search in box for castings. 


Fig. 17—Improved set-up permits operator to concen 


trate on casting being sheared while grasping another. 








MATERIAL HANDLING IN A MALLFABL} 


ines for shipment, illustrated in Figs. | 
demonstrates the improvement possible witl 
lation of simple equipment. 

The method in Fig. 10 required the em 
work in a bent-over position for long period 
and to handle the full weight of each casting 


long distances to transfer it from one box to 


Having counted the castings, the box would ' 


weighed and placed in a freight car to bs 
by the same method that it was filled. 


Gravity Utilized 


[he improved method, Fig. 11, permits 
ployee to stand in a normal, erect position 
count the castings as they slide them from 
tionary hopper into the dump type gondo 
downward motion without having to handl 
weight of the casting. ‘The gondola, when fill 
only be weighed and dumped into a freight « 

Figure 12 and Fig. 13 demonstrate the samy 
ples applied to the operation of snag grinding. Her 
fatigue has been eliminated by raising the 
above point of disposal and by supplying casi 


him by gravity at a location about which he need e 


only short distances in performing his operatior 
Working Conditions. Working conditions, a 
generally associated with lighting, ventilatio: 
are an important phase of the human element 
rial handling. Good housekeeping is one el 
working conditions that may be derived fro 
tive material handling. It will be noted in | 
that the press operator is confined to a very sma 
by the two tote boxes, the iocation of which ma 
as the boxes are changed. The hoisting eyes o1 


tops of the boxes are obstacles that he must avo 


every cycle of his operation. Also, if the operator 
should leave the machine it would be necessary for 


him to squirm through a narrow opening 0 
over one of the boxes. 

These undesirable conditions are elimi 
supplying the castings to the operator in a stationar 
hopper, Fig. 15, and by providing a pit at the ng 
of the press into which the castings may be dispos 

Safety is another element to be considered in deve 
oping material handling methods for an operation 
A good general rule is to supply the material to 
operator in such a manner that he may grasp 
transport the casting to the operation without ey¢ 
directed movements. This permits the operator 
concentrate his attention on the area of the op« 


where a hazard may exist. Figure 16 and Fig 17 ulus 


ratidl 


trate shearing operations, and a comparison ol 
two systems demonstrates principles mention 


Conclusion 


Many more types and examples of mate! 
dling could be discussed. Since each operation 
quires individual treatment, only an outline ot 
fundamental principles of good material handling % 
been presented. However, foundrymen should r 
that without adequate and efficient handling metho 
in the processing department, the most effective pra 
tices of economy in the foundry are useless. 
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DISCUSSION 


in: R. J. ANDERSON, Belle City Malleable lron Co., 
ne, Wis. 


man: J. A. Durr, Albion Malleable lron Co., Albion, 


FRASER’: Am I right in understanding that your cast- 
processed in a mixed condition from the shakeout to 
ng department? 


€ My leNKE: That is true, from the shakeout to the hard 
through the annealing process in the mixed stage 
\f RASER: On what basis are your molders paid? 
M leNKE: [hey are paid on an incentive basis. 
M RASER: How do you get a mold count? 
Vf lENKE: There is an electric-eye count and a hand-mete 


\ir. FRASER: Do you have a hard iron inspection? 
Mir. Henke: Yes, we do. It is done in a productive manner 
\ eople who do the job packing the castings in the pots 
iling. Then we have an overseer on each shift in the 
room and in the foundry who are in constant contact 
F scrap, that may enter the hard iron room or the anneal- 
ind they report back to the foundry. 
Mr. FRASER: You say that your packers do the inspecting 
ur castings mixed, does this not call for a great deal 
Mr. HenKE: In the hard iron room we sort to size only. In 
rds, from the foundry the castings are brought to the 
room by bucket type conveyor and dumped on a long 
ckout. They are sorted as to size, large, medium, and small 
perator will handle approximately eight to ten different 
castings, and they are the jobs that the packers inspect 
However, from day to day the castings may vary, and 
rue a great deal of versatility is required. 
R. A. Loper*: In inspecting the castings by magnetic particle 
ection, do you find it necessary to demagnetize the castings? 
Mr. HeNKE: We do not find it necessary to demagnetize the 
gs 100 per cent because they receive a great deal of impact 
dropping, and are handled three times after which they 
nally handled with a magnetic crane. 
I Mr. Loper: How hot are the castings when they come through 
cking room? 
Mr. HeENKE: They are down to black heat. 
Member: What happens if there is something wrong with 
astings and they have to be processed again? 
or Mr. HENKE: It is a matter of taking them out of the finished 
d running them back through the operation. 
Member: Do you put them back in the bin by means of the 
ead crane? 
Mr. HENKE: Yes. We take them out and return them with a 
gnet crane. 


nal Malleable & Steel Castings C Cicero, Ill 


Malleable Iron Co., Erie, Pa 
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E. M. Srrick*: How do you get the castings into trucks o1 
cars for shipment? 

Mr. Henke: The electric platform truck (Fig. 3) is used to 
transport these dump type hoppers, and after the loaders, as we 
call them, have filled one of these gondolas (Fig. 4) that electric 
truck picks up the gondola, puts it on a scale, weighs it, runs it 
into a box car and dumps it 

Mr. Strick: How do you get your count 

Mr. Henke: As the men who handle the castings throw the 
castings from the stationary hopper into the dump type gondola 
they count them 4 bonded checker simultaneously makes a 
count. In other words, the method of dumping the castings 
into the car helps in providing the count 

Mr. Srrick: Do you pick up these castings trom the storage 
with the magnetic crane and put them in gondolas for shipment? 

Mr. Henke: No. We take them from the storage bins with 
the magnetic crane and place them in the statonary hopper, 

MemsBer: How do you load your tumbling mills? 

Mr. Henke: We load them in part with a dump type hopper: 
and the electric truck, merely by loading the casting hopper full 
of castings and running it up to the mill and dumping the 
hopper into the mill. That is on some type of castings. Large 
type castings are loaded physically by hand. 

We have a gravity fall feed into the wheelabrator. We have 
a conveyor to transport specially designed boxes to an overhead 
position, dumping it into a hopper, and from the hopper into 
a wheelabrator and into the dump type hopper. 

Member: Do you have a special arrangement for handling 
bags? 

Mr. HeNkeE: A very small percentage of our shipment is done 
in bags. It is done either loose or in gons. We have a series 
of hoppers with ports in the center and raised off the floor 
approximately the depth of a bag and we hook the bag under 
neath and count the castings into the bag, then transport the 
bag by truck 

MeMBER: Do you have several of them on one platform? 

Mr. HENKE: Yes, we have a series of them 

Mr. Strick: Do you count those castings manually, or do you 
have an electric eye count? 

Mr. HENKE: For shipment we do all of our counting man- 
ually. The reason for weighing is to establish the gross weights 
for carload capacities and for checking back of unit weight 
against the checker count. In other words, we divide the total 
weight by unit weight. If there is a variation of one piece or 
more we recount it. 

Co-CHAIRMAN Durr: Do you find it necessary to spot grind 
for hardness by Brinell? 

Mr. HENKE: Yes, we do. We find that we do not get an accu- 
rate Brinell without spot surface grinding because of the varia- 
tion in skin hardness, and the fact that there are small lumps 
on the surface of the castings which deflect the reading. 

MeMBER: Do you use the Brinell hardness test as a basis for 
rejection of castings? How close a limit do you use? 

Mr. Henke: Yes, we do. We use a 5-point range 
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CASTINGS INDUSTRY APPLICATIONS OF 


MAGNETIC 


PARTICLE 


By 


INSPECTION 


W. E. Thomas 
Vice President 
Magnaflux Corp. 
Chicago 


[HE MAGNETIC PARTICLE INSPECTION METHOD has 
had over fifteen years of development and use during 
which time it has passed from an interesting laboratory 
novelty to a well recognized, highly useful and depend- 
able method of inspection. During the war years its 
use was greatly expanded, although this is equally true 
of every other useful testing and inspection method. 

War vs. Peacetime Inspection. The entire matter of 
inspection of materials received a tremendous emphasis 
during the war years. Perhaps the largest factor bring- 
ing about this emphasis was the great expansion of the 
aircraft industry. This industry long ago had, of neces- 
sity, set standards of quality that made rigid inspection 
of all kinds a prime requisite in the production of all 
structures and parts. However, this emphasis was also 
applied to all items produced for the Army and Navy— 
to Navy hulls, propulsion machinery, and ordnance— 
to Army trucks, tanks, and ordnance. 


High Quality Standards 


In the application of mass production methods to the 
construction of all of this war equipment, many large 
and small plants became acquainted with the highest 
quality standards and the most searching inspection 
methods. Many of these plants were previously engaged 
in other fields in which precision gages, magnetic in- 
spection, or X-ray had never been necessities. Conse- 
quently these plants and the executives and engineers 
who operated them became more inspection-conscious 
than they were before. 

In our present-day economy, with a demand for prod- 
ucts in general greater than most manufacturers can 
meet and materials dificult and sometimes impossible 
to obtain, the temptation is to use what comes to hand 
without looking too closely at quality. Inspection in 
many plants has, therefore, swung to the opposite end 
of the scale from where it was during the war. 

There are signs that in the near future, however, 
marketing conditions will again change, and high 
quality, to win and hold customers in a competitive 
field, will return as an important requirement, and the 
problem of how far to carry inspection and what meth- 
ods are justified will again come up for consideration. 

The inspection department of a plant, unless headed 
by a man who fully comprehends the broader relation- 
ship of inspection to the whole business of producing 
goods, is quite likely to look with favor on new tools 
and processes which will build up the importance of the 


inspection function. But he may miss some of the in 
plications of added inspection costs. 

It seems obvious that the extent to which inspection 
of any kind may properly be applied in the productio: 
of any article or material is a matter of a proper point 
of view and a proper understanding of what inspection 
may be expected to accomplish. 

All eyes are focused on this ultimate use to see 
whether the design, the materials, and the construction 
are satisfactory in the final analysis. How the product 
performs in service is the criterion of judgment of th: 
effectiveness of design and construction. 

Purpose and Scope of Inspection. Inspection, thers 
fore, should insure that the product be as good as it 
need be to perform its function satisfactorily for a long 
period of time. In general, however, there is no par 
ticular need that the materials, parts, or product as a 
whole be held to standards of quality any higher than 
required for such a performance. It is necessary, there 
fore, to set up inspection procedures, as well as stand 
ards of acceptance and rejection for the inspector to 
follow, which are based on a thorough understanding of 
what may be and what cannot be tolerated in the pai 
or finished product. 

Whether or not a casting is defective and merits reje 
tion is, therefore, not necessarily a question alone of the 
presence or absence of such things as cracks or shrinkage 
or other abnormal conditions. The question rather 1s 
whether conditions which are present will actualls 
affect the usefulness of the particular part 


Defect Classification 


We should rather consider that such conditions do 
not constitute defects in the particular part unless they 
do affect the usefulness of that part. They may be blem 
ishes, departures from perfection, but they may not be 
defects. Failure to appreciate this distinction has often 
led, in the application of such searching inspection 4 
the magnetic particle method provides, to the rejection 
of much material which was perfectly satisfactory to! 
its intended use even though it contained conditions 
which for other purposes would constitute de! 

From this point of view then, any inspection process 
should be justified by the particular results which 1 
can produce to the end that the product be as good 4s 
need be. The product need not necessarily b: better 
but certainly may be no worse than required by ts par 
ticular function and service. It is the responsibilit' of 
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th ineer or executive who decides on an inspection 
: to consider and judge his inspection proce- 
d om some such point of view. 


foundrymen can cite one or more instances in 
x perience with magnetic particle inspection dur- 

war where such principles were violated. Most 

could be set down to lack of experience and 
knowledge, both on the part of the writer of the 
cations and of the inspector who applied them 
Ye he majority of cases it is dificult to blame these 
because in the urgency of war production there 
lack of time in which to acquire this experience 
and knowledge. 
present period allows time to appraise all meth- 
| procedures, and inspection methods which will 
such scrutiny must be economically justified in 
application. 

[he magnetic particle method of inspection is no 
longer new or novel. It has been in use in hundreds of 
plants and in an extremely large variety of applications 
and the principles on which operation of the method 
depends are generally understood. However, the funda- 
mentals of the method will be reviewed for the benefit 
of those not closely connected with its application so 
as to clarify the terms used and the procedures involved. 


Magnetic Particle Inspection Methods 

First, the method is a magnetic method and is, there- 
fore, applicable only to the detection of flaws in mate- 
rials which can be magnetized. This includes, of course, 
all iron and steel and many iron alloys, but does not 
include austenitic alloys of various compositions and 
naturally does not include non-ferrous materials such 

s aluminum, bronze, etc. 

Ihe method depends for its operation on the fact 
that if a crack or crack-like discontinuity in a piece of 
magnetized material is so located as to be transverse to 
the direction of the magnetic field in the material, that 
field is distorted and the flux lines are crowded or de- 
flected around the ends of such a magnetic obstruction. 

If the obstruction lies near enough to the surface of 
the material, Fig. 1, some of these flux lines will be 
crowded outside the material itself, and a leakage field 
is produced at the surface at a point over the discon- 
tinuity. The nearer the discontinuity is to the surface, 
Fig. 2, the stronger is this leakage field, and if the dis- 
continuity actually breaks the surface as, for instance, 
a surface crack—the leakage field is quite strong and 
highly localized. 

lf a powder—either dry or suspended in a liquid— 
consisting of fine particles of magnetic material, be 
applied over such a surface in the vicinity of such a 
leakage field, some of the powder will be attracted and 
held by the leakage field and thus set up a magnetically- 
held pattern outlining the discontinuity. 

The greater the obstruction in the magnetic path, the 
stronger the leakage fields. Sharp, deep cracks at right 
angles to the surface give the strongest patterns and 
large discontinuities below the surface, having a prin- 
pal dimension at 90 degrees to the surface, are more 
favorable for the production of strong indications, Fig. 
3. Small defects, or defects of unfavorable shape, must 
be close to the surface to be found at all. 

Surface scratches or tool marks do not produce pat- 
terns except at very high levels of magnetization. 





> 
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Iwo points are fundamental and at once apparent 

1. Given a part containing discontinuities, it is 
necessary, in order to produce good leakage fields, to so 
magnetize the part that the resulting field will intercept 
the discontinuities, and 

2. ‘The strength of the leakage field, and hence the 
strength of the powder pattern produced will vary with 
the intensity of the magnetization set up in the part. 

Magnetizing methods, therefore, must be understood 
since use of the wrong method may make the inspec 
tion entirely unproductive, and it is also easy to see that 
any variation in technique that affects the strength of 
leakage fields produced will greatly affect the nature of 


the results obtained. 


Methods of Magnetization 

Magnetism of proper strength and direction for the 
part to be inspected can be induced in several ways. 
In the early days, portable electro-magnets were widely 
used as a source of magnetizing force. In the hght of 
subsequent experience, this method has been shown to 
be least effective, though still used under certain cir- 
cumstances. 

Coils into which parts are placed, or coils wound 
with flexible cables to suit the size and shape of the part 
are extensively used in many applications, but the 
direction of such fields is not easily controlled in odd 
shaped parts. Also, there is an excessive amount of 
general leakage field because the magnetizing force is 
external and the flux path is completed through the air 
outside the material in which the defect is sought. 

A much more eflective method of magnetizing, when 
applicable, is to pass current directly through the entire 
part or structure or locally, as in fillets, by means of 
prod contacts applied to the surface, in a direction to set 
up fields favorable for the creation of maximum leak- 
age fields at defects, Fig. 4. By this procedure the 
external flux lines are kept to a minimum, as the field 





Fig. 1—Distortion of flux lines. Leakage field produced 
at surface at point over the subsurface discontinuity. 











Fig. 2—Surface discontinuity causes distortion of the 
flux lines and produces highly localized leakage field. 
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Fig. 3 (right) —Magnetic 
particle (dry powder) in- 
dication of crack in cast- 
ing. Fig. 4 (below)—Typi- 
cal application of prod 


magnetizatton to casting. 


set up by the current flowing through the metal is to a 
large extent contained within the metal itself. The term 
circular magnetization is frequently applied to this 
method, though in irregular shapes the path of the field 
is certainly not circular. 

Since the direction of the field generated is always at 
90 degrees to the direction of the current, it is quite 
possible in most cases to set up a field by this method in 
a desired direction by properly locating contacts. 

The possibilities of varying the sensitivity of the 
method are numerous and complex. Obviously the 
stronger the magnetizing current, the stronger the field, 
and because of the magnetic behavior of materials, 
stronger fields always exist while the magnetizing cur- 
rent is flowing than after it is cut off. The residual field 
which a part retains is always only a fraction of that 
present while current is flowing. The residual field is 
also a function of the composition and hardness of the 
material, as well as of the amount of magnetizing 
current applied. 


Continuous Method 

For maximum sensitivity, therefore, it is evident that 
it is better to apply the magnetic powder simul- 
taneously with the flow of the magnetizing current to 
take advantage of the stronger field then existing. This 
is the so-called continuous method. 

Sensitivity may also be affected by the choice of mag- 
netizing current—whether alternating or direct. Alter- 
nating current, because of skin effect, magnetizes the 
surface layers of material more strongly than those 
deeper in the part. Direct current on the other hand, 
penetrates more deeply into the cross-section. 

For maximum sensitivity for the location of discon- 
tinuities lying below the surface, therefore, the continu- 
ous direct current method is the best. However, if 
interest lies only in surface cracks or discontinuities very 
close to the surface, alternating current is usually 
equally and sometimes more effective. 













MAGNETIC PARTICLE IN 


Ihe term direct current is here applied to 
types of single direction current. These are 

1. Non-fluctuating direct current. 

2. Direct current with an initial surge of hi ir 
rent, quickly dropping down to a lower steady y 

3. Full wave rectified AC which is a slight], 
ing direct current. 


4. Half wave rectified AC which is a form iter. 
mittent direct current with no current flowing between 
the pulses of current which occur at the A.C. line 
frequency. 

Direct current with surge generates an interna! mag 


netic field in the work of a higher level than is pro. 
duced if the metal is magnetized with the current rising 
to a steady level without the initial high surg: 

The illustration shows by means of a magnetizing 
curve how this occurs, Fig. 5. The advantag: 
alone in the fact that the magnetic field inside the par; 
is stronger, since this result could be accomplished by 
merely increasing the amount of steady current en 
ployed. The point is that the amount of external fie] 
due to the flow of current and consequently the amount 
of interference by this external field with the formatio; 
of powder patterns over defects, is less for the same 
magnetic level if the surge principle is employed 

A much more recent development extends the benef: 
of this principle to the inspection of all types of steel 
including soft materials on which the surge principl 
is not particularly effective. ‘This development is the us 
of half-wave rectified single phase alternating current 
instead of direct current from any source. 


Average Current 

Chis half-wave current, Fig. 6, consists of separat 
pulses of direct current with intervals during which 1 
current at all is flowing. Each pulse lasts for one-ha 
cycle and the peak current reached is the same 
the peak of the single-phase alternating current whi 
is being rectified. The average current, however, whi 
is read on the meter is only about a third of this pea} 

Since power input and heating losses are more near! 
a function of this average current, the system presents 
an advantage over direct current, alternating curren! 
or full-wave-rectified alternating current in r 
size and cost of equipment necessary to produce con 
parable inspection results. 

However, the magnetizing effect is determined by t 
peak value of the current and not by the average current 
or meter reading, and the result amounts to a hig! 
surge with each half-wave impulse. Thus with ar 
average current of 400 amperes, there is a magnetizing 
effect equivalent to 1270 amperes. With this, results 
are comparable with, and in many applications con- 
siderably better as regards sensitivity, than those 
obtained with straight DC with surge, at 400 amperes 
steady current. 

In addition, considerable advantage arises from the 
fact that the intermittent nature of the half-wave rec 
tified current improves mobility of the particles ané, 
therefore, sensitivity of the inspection. Because of the 
numerous advantages of this technique this method 's 
finding a wide application not only for casting inspec 
tion, but for many other uses where maximum sens 
tivity is desired or specified. 


There is, however, a definite trend away from the 
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ne, except where required, which insisted that 
ehest possible sensitivity should always be em- 
| and that it was the business of the inspector to 
decide as to the significance of the conditions revealed. 

n in the casting field it has been found that the 
greai sensitivity of the methods being discussed is not 
always an advantage. An excellent example is taken 
from the welding industry. 

Many welds are designed with root openings or 
unfused root faces and the high sensitivity methods 
br out indications of such root openings masking 
the presence of cracks lying near the surface. The illus- 
tration shows an instance of this sort. 

\ remedy for such confusing results was offered by 
James W. Owens, who suggested that alternating cur- 
nt might be used to supplement direct current for 
he purpose of gaining additional information regard- 
ing the nature and depth of the condition producing 


such indications, Fig. 7. Equipment is now available to 
provide at the operator’s option either AC or DC. 
Figure 8 illustration shows a portable unit from which 


both types of magnetizing current are available. 

\nother factor affecting sensitivity is the nature and 
shape of particles composing the magnetic powder or 
suspension. Experience has shown that the coarser 
elongated particles of the dry powders are much more 
effective in creating readable patterns indicating the 
presence of deep-seated defects than are the very fine 
particles generally used in suspension in a liquid for 
the wet method. 

It would be possible to go further and discuss at great 
length the merits and limitations of various inspection 
techniques. However, in this paper, interest covers the 
entire subject of magnetic particle inspection and what 
its value may be in the foundry. 

Another trend which is important to the future appli- 
cation of this method is in the direction of high speed 
inspections, and semi-automatic to automatic inspec- 
tion equipment. Prior to the war, most installations of 
magnetic particle testing equipment consisted of a 
single unit which was expected to be as flexible as pos- 
sible so that all sizes and shapes of parts might be in- 
spected on a single machine. 


Special Inspection Units 

However, when large numbers of the same part are 
to be inspected, one machine may be kept busy continu- 
ously on this single job. A general purpose unit may 
not be well adapted to carry out such a particular 
inspection Operation, and a special machine to do that 
particular job effectively would then be justified. 

Magnetic particle inspection can, therefore, be put 
into the production line as a process complete in itself. 
This may involve such steps as cleaning before inspec- 
tion, magnetizing, applying the magnetic particles, 
inspection, demagnetizing, and again cleaning before 
passing on to the next process, all on an automatic or 
semi-automatic basis. Such developments open fields of 
application for which the method had formerly been 
held useless because of lack of speed and consequent 
high « st. 

There are other encouraging and healthy trends 
today in the handling of these inspection tools which 
are the result of greater experience and better under- 
standing of the methods. There is a growing realization 
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Fig. 5—Magnetization curve; initial surge advantage. 
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Fig. 6—Current output curves showing (left) direct 
current with surge, and (right) half-wave current. 


that because of the wide variations in technique which 
are not only possible, but likely, to be used by various 
operators, results satisfactory from the point of view 
of each party interested in the inspection can be 
obtained only if the same techniques are used. 

There has been great activity in the past two or three 
years in the direction of setting up specifications or 
recommended practices to guide the use of this inspec- 
tion method. One such specification recently adopted as 
tentative by the ASTM relates to the use of the mag- 
netic particle method in the inspection of castings. In 
addition to specifications such as these, many com- 
panies and government agencies have issued new or 
revised manuals setting forth the approved procedures 
for inspections involving their products or products in 
which they are interested. 


Contract Specifications 

The requirement for agreement between the cus- 
tomer and the supplier prior to a contract calling for 
magnetic particle inspection, which appears in the fol- 
lowing excerpt from ASTM Specification A272-44T, is 
an excellent step: 

“When in accordance with the requirements of the 
inquiry, contract, order, or specifications, castings are 
furnished subject to magnetic particle testing and 
inspection, the manufacturer and the purchaser shall 
be in agreement concerning the following: 

1. A statement in the inquiry or specifications thas 
the castings are to be subjected to magnetic testing. 

2. The locations on the castings which are to be sub- 
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NON- RELEVANT Us 
ROOT OPENING | 


SHOWN N PATTERN “ 
(UNFUSED ROOT Face) I hig SSA 


Fig. 7—Magnetic powder indication (DC) of non- 
relevant root opening. Ne pattern obtained with AC. 


jected to magnetic particle testing shall be clearly 
defined or described. 

3. ‘The type, number, size, location, and orientation 
of cracks, hot tears, shrinkage cavities, or other defects 
that are to be considered injurious. 

4. The stage of manufacture at which the test shall 
be conducted, surface preparation of the castings, the 
method of magnetization, magnetic flux density or mag- 
netic force, field orientation, method of application of 
magnetic particles, demagnetization requirements, etc.” 

It is futile for the purchaser to specify magnetic par- 
ticle inspection in a contract unless he defines how the 
inspection shall be made and what shall be considered 
the basis for acceptable or unacceptable material. Like- 
wise, it is foolish for a foundry to accept such a contract 
unless these definitions are included. Merely to specify 
magnetic inspection for a part has no practical mean- 
ing, and would be the same as specifying a tensile test 
without setting the limits of strength required. 

Yet specifications of this type—of which there are 
many—are of little use in any specific case. They do little 
more than discuss in general terms the various methods 
which may be used, the various types of current, equip- 
ment, and powders or pastes. 

In the case of every individual foundry and every 
individual casting it is essential that the inspector or 
metallurgist, or whoever has supervision over the in- 
spection, be capable of setting up the exact procedure 
to be used. If correlation with customer requirements is 
necessary, he must be capable of discussing the inspec- 
tin problem with the customer to arrive at a mutually 
acceptable method and standard of acceptance. 

In the past, too much reliance has been placed on the 
ability and judgment of operators or inspectors who too 
often have been unequal to the task expected of them. 
General standards of acceptance and rejection appli- 
cable to large varieties of parts are impracticable. 

Many plants, however, have found it of tremendous 
value to undertake and complete the often large task 
involved in setting up individual standards of proce- 
dure for magnetic particle inspection for each indi- 
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vidual part as well as defining precisely wh 
tions are acceptable and what are cause for re; 

A final point of importance in the contin le 
velopment of magnetic particle inspection is | 
eral recognition of the need for better interp 
and evaluation of the results obtained. 

The concept that a defect is only a defect 
affects the usability of the particular part in \ 
occurs is one that has been slow in gaining e] 


recognition. This is true as far as interpreting the resu)j; 


of magnetic particle inspection is concerned, 
this concept seems so fundamental that it is difficul: » 
understand why it was not recognized long ago 

With such an understanding of its proper applica 
tion, the magnetic particle method can be expected 
serve industry more effectively and maintain a per 
manent place as a method of test with a well esta! lishe 
field of application. 


In the foundry, magnetic particle inspection is used 


to examine castings for hot tears, shrinks, shrinkage 
porosity, thermal cracks, blowholes, cold shuts, and slag 
and sand inclusions. Unfused chaplets and chills aly 
may be located. 

The purposes and stages of production for which the 
method is used in the foundry may be broadly stated 

1. As an aid in developing molding and pouring 
technique. 

2. As an aid in developing cleaning and found 
processing practices. 

3. As an aid in production control. 

4. Asan aid in repair of defects. 

5. Asan aid in final inspection for defects. 

These five foundry uses for magnetic particle ins 
tion are discussed in the following: 

l. As an aid developing molding and pouring 
technique. The determination of the general quality 
a casting of new design is rapidly made by magnet 
particle inspection. Location and size of gates, risers 
and chills, proper preparation of sand and cores, pro} 
temperature of metal poured, all may affect casting 
quality and cause cracks, hot tears, shrinkage, et 
detected in the first of a run of castings, these variable: 
may be changed to eliminate defects before the patt: 
is put into production. 


Co-operation Reduces Cost 

In addition, important increase in yield is possib! 
In one foundry, sound castings being produced wit! 
certain number and size of risers were poured 
fewer and smaller risers until this method of inspectio! 
detected shrinkage. The risers were then increased 
size slightly to give sufficient metal. The pounds poure¢ 
compared with the weight of cleaned castings was ¢ 
creased considerably, showing an important cost redu 
tion through intelligent co-operation between the pr 
duction superintendent and the chief inspector 

Thompson Vann and Dunlap McCauley? have sta 
that magnetic particle inspection is one of the mor 
popular methods of inspection and perhaps the mov 
effective in its application to a production line 1" 
ferrous foundry. They say that their first use of mag 
netic particle inspection was to detect defects in 
steel tank bogie wheels. It was soon evident to them | the 
casting procedures could be studied quickly and 1 effia 
ently by this method, and adjustments made promp* I 
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and McCauley state: “Magnetic particle inspec 
1s proven a valuable tool in the authors’ plant 
cial products are either 100 per cent magneti- 
ispected or spot checked at frequent intervals 
Ml tic particle, radiograph, macroetch, and pressure¢ 
all used in routine inspection 
steel tubing was produced and fabricated for 
ibes for cargo ships. 
eral defects due to incorrect casting procedure 
yund with the aid of magnetic inspection. Pour- 
ing temperatures and times were found to be of majo 
tance in controlling the quality of these tubes. 
Magnetic inspection was used in the development of 
ifugally cast fly wheels for tank motors. .. . In the 
t casting, Shrinkage running radially from the center 
r wards the outside diameter was experienced. This 
was eliminated by changing the thickness to obtain 
directional solidification. 
ed liller brake quadrants for LSM craft, weighing 
re about 900 pounds, are representative of static castings. 
Magnetic inspection was used in a study of the gates 
y and risers and their effect on casting soundness.” 
2. As an aid in developing cleaning and foundry 
he processing practices. In addition to molding and pour 
1 casting the foundry must shake out, clean, and 
frequently perform operations such as tumbling, sand- 
blasting, grinding, chipping, annealing, welding, and 
ther operations to condition properly the raw casting 
acceptance and use by the customer. 


ai 


Ally 


Conditioning Operations Important 

Many times a sound casting as poured is found defec- 
it time of shipment due to improper performance 

for some of these conditioning operations. 
Magnetic particle inspection is often used with much 

profit in preventing such losses. 

\s an example, inspection was made of some lots of 
rs veral hundred castings passing through the operations 
gate and core removal, (2) sand blast, (3) grind 
rough edges, (4) anneal, (5) chip and polish. Twenty- 


n per cent of the finished castings had been rejected 
by the customer because of cracks which were large and 
detrimental to the use of the casting. 

[hese lots of castings were inspected after each indi- 
vidual operation. Cracks were found in a large per- 
entage after the grinding operation, though these 
racks were small—much smaller than those causing 
ejection by the customer. Due to rough handling and 
hipping these small cracks grew to appreciable size. 

lhe important thing was that the source of that par- 
ticular trouble was rapidly found. The grinding opera- 

rec tion was corrected so as not to produce the small stress 

de raisers and rejection dropped 95 per cent. 

\s an aid in production control. When produc- 
procedures have been proven practical it is still 
sary to control that production to determine that 


: 


te those procedures are not changed to the detriment of 
ore the casting. Production men are interested in periodic 
0% nspection to insure that control. 

na Chis is not the place to go into detail on the statistical 
ag ontrol methods but every foundryman should learn 
as ‘bout them. They reduce drastically the amount of 
ha inspection required yet provide commercially accurate 
| reliability for the entire production. 

(l Hi For example, it might be decided that five per cent 
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detectives could be expected in a certain type of casting 
and the cost of such borne by the foundry. A proper 
number of random samples would be chosen trom the 
production each day and inspected and a chart kept of 
the actual per cent defective. If the quality remained in 
control, that is, within the established limits, the con- 
trol chart would show the uniformly high quality of 
the product. If it went out of control, 100 per cent 
inspection could be immediately started, the trouble 
found, and corrective measures taken. 

Magnetic particle inspection is efhcient for this use 
because of its flexibility and speed 

!. As an aid in the repair of defects. Magnetic par- 
ticle inspection is valuable not only in the location of 
the defect but is at its best in controlling the repair 
procedure. The following routine is standard proce- 
dure in many foundries. 

1. The defective area is chipped out with an ait 
hammer or melted out by flame gouging. 

2. The chipping is checked by the prod method to 
determine when the crack has been completely re 
moved. 

3. The repair is made by arc welding 

t. The weld is ground smooth. 

5. ‘The welded area is inspected with prods to check 
the soundness of the weld. 

In Paul Ffield’s* paper this subject is commented 
upon as follows: 

“For sound re pair welds it is necessary to remove all 
traces of cracks or other significant defects. Frequent 
magnetic powder check during excavation will insure 
this with a minimum loss of time and with the removal 
of a minimum amount of metal. Experience shows that 
it is more reliable than acid etching when excavating 
cracks, and, with an experienced operator, just as reli 
able when excavating shrinkage or sand.”’ 

5. As an aid in the final inspection for defects. It is 
not considered that it is within the scope of this paper 
to go into detail on this subject. Much work has been 
done and several excellent papers written on this gen 


Fig. 8—Portable magnetic particle testing unit provid 
ing AC and DC magnetization at operator's option 
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eral application—its advantages, its limitations, the 
various methods, the necessity for experience and train- 
ing of inspectors. 

However, in the opinion of the author, two phases 
of the use of magnetic particle inspection which have 
previously been mentioned in the excellent papers 
quoted before bear repeating. Their importance for 
inclusion here is due to their effects upon the reduced 
cost of inspection as a whole. 

The first is the use of production types of equipment 
mentioned earlier in this paper. In the inspection of 
small and medium sized castings produced in quantity, 
it is frequently true that the cost of handling the pieces, 
the magnetizing and applying of the particles takes 
appreciably more time than the inspection. Frequently 
these operations can be mechanized, and greater effort 
to do so will be well rewarded in lower costs. 


Special Purpose Units 

Several years ago a specially designed unit was made 
for the aircraft engine manufacturers for the pur- 
pose of inspecting cylinder barrels. Although most of 
them were made from forgings, the Ford Motor Co. was 
successful in making them from steel castings, and this 
type of unit was of considerable assistance in the deter- 
mination of the proper amount of extra stock on the 
outside surface and the extra length necessary to pour 
a sound casting. 

The unit has also been used for other cylindrical 
shaped castings in production. It magnetizes in both 
directions, and two men can completely inspect for 
defects in all directions at the average rate of around 
100 pieces per hr. 

Crankshafts which are frequently cast are large and 
heavy for manual handling and are made in quantities. 
A large magnetic particle inspection unit was built to 
perform all operations except the visual examination 
automatically. The shaft is placed on the conveyor 
chains and carried along by an intermittent hydraulic 
drive. Its first stop is under the hood on the left, where 
it is magnetized either in a coil or by passing current 
through the shaft, and at the same time the wet bath 
is applied to the casting. 


Demagnetizing and Washing 

The next stop is at the inspector’s station where the 
shaft is examined. The carriers on the conveyor are 
rollers so that the inspector can rotate the shaft easily. 
The third stop carries the shaft into the hood at the 
right and it is there demagnetized by reducing and 
lowering the AC current flowing though the demag- 
netizing coil. The shaft then passes out of the demagne- 
tizing coil through a spray to wash off the inspection 
bath and stops at the end of the unit for removal by 
overhead hoist. 

The speed is adjustable, depending upon the inspec- 
tion time necessary, but averages 60 per hr. for large 
truck engine shafts. 

These two examples demonstrate the possibility of 
increasing the speed of inspection and greatly decreas- 
ing the amount of labor required. Also important is 
the fact that inspection keeps up with production 
enabling the production of defective parts to be stopped 
before a large backlog has been made. 

The second point is that of the correlation of mag- 
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netic particle inspection with radiography well 
expressed by Ffield as follows: 

“A useful way of using magnetic powder ins) tio, 
is to make it complement radiographic inspec: Fer 
example, if in the radiographic inspection of ries 
of identical castings it is found that some are de{ectjy. 
in the same area, a standard often can be cre 1 for 
this location. Areas which have been radiographed are 
also inspected by magnetic powder. 

“The powder pattern is compared with the radio. 
graphic image and the relationship between each 
method of test established as a standard for the are, 
under consideration. Subsequent castings then may be 
magnetically inspected instead of radiographed in this 
area, at a considerable saving in time. An advantage of 
this form of inspection is that it enables the Operator 


to gain experience in the evaluation of magnetic powder 
indications. 

“The foregoing method is particularly useful when 
shrinkage must be located and evaluated. If shrinkage 
is present in a specified area, it usually will recur i; 
exact locations and assume the same general contour ip 
each succeeding casting, thus establishing the shape and 
location of the magnetic powder pattern. 

“The method is useful, too, for other defects. Fo 
example, the design of a casting may be such that a cer. 
tain area is prone to trap sand, the presence or freedom 
from which sometimes may be rapidly established by 
magnetic powder inpection after the reliability of th: 
technique has been established for that area with th: 
aid of radiography. 

“In the case of castings which are being radiographic 
ally inspected, the foundry can save considerable time 
and unnecessary work if the surface defects are located 
by an ‘all-over’ magnetic powder inspection. The time 
consumed for such a test would be only a few minutes 
from start to finish, and the inspecting personnel is 
assured that most of the surface defects and many sut 
surface discontinuities have been located.” 

The proper use of the magnetic particle method 
along with other non-destructive test methods now 
used may well have an important effect on the design 
of metallic parts in machines in the future. Under th: 
development of present day techniques the old factor 
of safety method of design is gradually giving way to 
more confident and effective utilization of a higher 
proportion of the strength of structural materials. 

As is always the case, an improvement in tools is 
reflected in an improved product, but to derive full 
benefit from an improved tool requires skill and exper! 
ence, which can only be obtained by a period of training 
and experiment. The past ten years has been such : 
period for the magnetic particle inspection method 
and it is expected to be applied to future problems 
more intelligently than has often been the case in the 
past. 
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DISCUSSION 


H. YOUNGKRANTZ, Apex Smelting Co., Chicago 
man: H. C. Stone, Belle City Malleable Iron C 
cine, Wis. 

MAN STONE: How does Magnaflux compare with X-ray 

etermination of cracks. That is, are both equipments 
r this purpose? 

THOMAS: Magnaflux is at its best in locating surface 
is fast, effective and economical. For this purpos 
superior to X-ray 

LAGRELIUS': X-ray should be used only for sub-surface 

tities. If you subject the castings to a good visual 

cl you will find the larger surface cracks. Occasionally 
nto machining difficulties due to cracks in castings 
cks would show up on radiographic film, and perhaps 
% tter or a little worse than in magnetic particle testing 
ig still a matter of economics. I cannot see using film 
ere is another tool that will disclose the defect more 
nd cheaper 
RMAN STONE: In the production of malleable iron it is 
for us to determine the presence of two types of 
first, the hard crack which occurs in the unannealed 
and the other, a hot tear which occurs during solidifica 
the casting. Sometimes these hot tears are very small 
often termed checks. This is a very tight crack that 
innot be seen, but after annealing and oxidation of 
it is apparent to the eye. 
\ ve attempted to determine this type of crack by X-ray 
not feel that there is any positive method of detecting 
of crack unless the line of X-ray happens to be in th« 
ne of the crack. 


tried to use Magnaflux for this purpose and one 


lems that we have encountered is the false readings 
irregularities; such as that caused in the junction of 

e and the green sand surface. Any slight irregularity 
give an indication and in the particular job that we 


‘ xamining, this was the surface at which the hot tear 
née Mr. THomas: Was it mechanical holding of particles due to 
ess or irregularity of the surface? They should only be 


netically. Little surface blemishes should not hold the 
particles but extreme surface roughness will hold then 
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CHAIRMAN STONE [hat section size chang sharply at that 
point 

Mr. Tuomas: Generally, then the magnetizing force was too 
great, because the magnetic field will leak across a sharp fillet 
or a sharp corner without a hillet Ihe leakage field in that 
corner may tend to hold the particles unless the magnetizing 
force is reduced to a low value 

CHAIRMAN STONE: Is there a technique tha: would offset that 
surface irregularity 

Mr. Tuomas: Yes, if a was a ler lication due to a 

rp er. Proper current cot 


Mr. LAGretius: We have the same condition in steel castings 


that are magnetic particle tested, but we got around it by flow 
ability of the powder and also reducing the current. We have 
the same condition in effect on thin sections of a sharp cornet 
where we have a certain amount of adhering sam but it all 
deals with the flowability of your powde1 
Mr. Tuomas: That is ght. If it wi © into and collect 
, 


that area, then it is going to stick tl r Lhe excess cat « 
emove ! blowing it awa 

Mr. LAGRELIUS: You can use various percentages of red and 
gray powder to get a certain amount of flowability of powder 
or you can reduce the current to minimize the stickiness. Is 
there anv method whereby we can measure magnetic flux so 
that we can always have the same magnetic flux density for 
every casting 

Mr. THomas: Unfortunately, nm 


Mr. LaAGrREtius: What is this General Electric meter 


Mr. THomas: The General Electric meter works on uniforn 
sections, but does not give reliable results on non-uniform sec 
tions, and that is where vou need an accurate answet 


Mr. LAGretius: That would solve one of Mr. Stone's big 
problems. If he could have some method of ascertaining the 
magnetic flux in that area until he reached the point where he 
was only showing up the tight crack, as he calls it, then he 
could maintain that on all castings checked 

Mr THOMAS: On small castings, and where you have a 
change of section which causes an accumulation of powder, it 
should be easy to cut the current down in that area to the 


point where you do not get it. Or perhaps you could tip the 


casting so that the powder tends to fall away from that area 
instead of tending to pack down into it. It is more of a handling 
problem. I do not want to over-simplify it, but it seems that way 
to me 
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SANDS FOR MARKE’ 


Franklin P. Goettman 
Research Manager, George F. Pettinos, Ine. 
Philadelphia, Pa. 


SAND DEPOSITs are the disintegration products 
of various rocks and have been formed in a number 
of ways. They may be residual or transported greater 
or lesser distances by water, wind or ice. The com- 
position, shape, size and uniformity of the sand grains 
within a given deposit are dependent on the origin 
and history of the deposit and these properties can 
be changed only within certain limits. 

In developing a sand deposit, test holes and/or pits 
are sunk in some ordered manner, usually at the 
corners of a square grid. These test holes are plotted 
on a map of suitable scale as are test data obtained 
from laboratory analyses of the borings. From this 
map, cross sections through the deposit can be drawn, 
showing the location and the arrangement of the vari- 
ous types of sands and the overburden. 

From the map and cross sections the amount of 
overburden and quantity of the grades of sand can 
be computed and, if the deposit warrants develop- 
ment, a suitable mining and processing method can 
be formulated. 


Bonded and Bank Sands 


The foundry industry’s sand requirements can be 
classified as follows: bonded sands or those containing 
more than 5 per cent clay; semibonded (sometimes 
referred to as bank sands) containing up to 5 per cent 
clay; and washed sands. 

Bonded and semi-bonded or bank sands are charac- 
terized by sand grains naturally bonded with clay. 
Many varieties are mined but the predominant com- 
ponents are silica grains and one or more clay min- 
erals. These grades are usually found in the younge 
geologic formations. Those suitable for foundry use 
must contain the proper qualities of grain size, re- 
fractoriness, bond, permeability and durability. 

Bonded and bank sands of foundry quality are not 
as widespread as the geologic origin would indicate. 
Ihe preparation of bonded sands for market varies 
according to the geology of the deposit, the amount 
of deleterious material present, and the type or grade 
of sand desired, and can best be discussed by describ- 
ing typical examples such as the Albany, N. Y., and 
southern New Jersey districts. 

The Albany sands are located in a narrow belt 
along the Hudson River extending from the Adiron- 
dacks southward about one hundred miles into 
Dutchess County and are of glacial origin. The glaciers 
coming from the north eroded the areas they passed 
over and, by constant attrition, ground most of the 


rock fragments to sand, eventually mixing the 
shales and clay gathered along their course. 


As the glaciers melted, the water deposited the se: 
ment over a large area. Subsequently, these deposit 
were subjected to weathering which resulted in th 
decomposition of the shale fragments to form the bo 
and alterations of the iron minerals to the hydrated 


form, giving the brown color to the sands. * 


The amount of overburden or topsoil ranges fron 
six to 18 in. and the sand deposits vary from 12 iy 
to four feet. As is typical of glacial deposits, the mat: 


rial is not uniform and only scattered deposits 
suitable for foundry use. 

The deposits that are suitable for foundry us 
developed by stripping the overburden from a nan 
section about six feet in width and the length of 1 


1 


particular deposit. These strips are usually cut para 
lel to a property line and, after mining of the sand, t! 


overburden from the next section is removed a 
| 


spread over the mined area and the field is left 
suitable condition for farming. 
After stripping, the sand is carefully examined 


sampled. From laboratory test data, the sand is clas: 
The sand is then mine 


fied as to grade or grades. 


as shown in Fig. 1, under the supervision of an ex; 


enced foreman, loaded on trucks and hauled to t! 


railroad siding. 


Here, as Fig. 2 shows, it is put through a rota 


] 


screen which is mounted on a truck chassis and pow 


Fig. 1—Mining and loading Albany district sand 
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ETIMAN 
a gasoline motor. The screen discharges to 
ned belt which throws the sand into the rail 
or truck. 
y sands are designated by number and rangé 
0, the finest, to 4, the coarsest. A tabulation of 
iber and equivalent average fineness is shown 
1. With such a large variety of sands more 
ch as clay content, strength and permeability 
\ired to specify a sand. 
uugh one deposit may contain several grades, 
leposits must be developed so that any grade 
mined when required. Since these deposits 
ttered over a large area, portable mining and 
ng equipment is the most practical. 
sands of southern New Jersey originated from 
sion of older formations—some are marine de- 
while others are terrestr*al.2, The deposits are 
d and a formation can readily be traced. This 


|1—DESIGNATION OF ALBANY SANDS BASED ON 


ROXIMATE A.F.A. AVERAGE FINENESS NUMBERS 





Extra 

Mild Medium Strong Strong 
260 270 280 

205 225 245 260 
185 205 225 245 
160 185 190 215 
140 160 170 190 
120 140 150 170 
100 115 125 150 
75 a0 105 120 
65 75 90 100 

55 65 75 





not mean, however, that the sand deposits are 


niform, as numerous test holes must be sunk to find 


osit of suitable grade. 
Che 
deposits of sand range from eight to 60 feet in 


overburden ranges from three to six feet and 


ckness, several grades being found in the same sec- 


\t Millville, N. J., the overburden is removed 


y scraper wagons and bulldozers. High banks of sand 
mined with a one-yard shovel handling a 114 yard 


icket 


In thinner banks, or where greater selection 


srequired, a 34 yard truck shovel is used. 
rhe material is hauled by trucks from the pit to 





and 


PTY 
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processing plant where it is passed through a 
(0x 25 ft rotary screen and discharged to a 450 ft belt 
onveyor, 300 ft of which is structurally supported 
‘5 ft from the ground. The sand is then tripped off 
the conveyor into the proper storage pile. A 60-{t 
portable conveyor, Fig. 3, is used so that piles can be 
stored to either side of the main conveyor. Nine basic 
sands are mined in as many pits and are stored under 
or to the side of the conveyor. 

From the drilling record and close observation by 
the foreman, lenses and pockets of off-grade material 
are deleted and separately removed and used for fill 
r dumped with the stripping. Samples are taken to 
the laboratory for analysis during the daily production 


the material is not up to specification it is 
ed from storage. 


pite such precautions, material dug directly from 


nk is apt to vary as to strength and grain size. 





> , , 
yc ) ; ’ 7 ’ ; 7 7 nes 
Fig. 3—General view of screenin plant and storage 


Ihe storage piles effectively blend these variations, and 
when the material is loaded from these piles it is a 
homogeneous mixture whose characteristics have been 
predetermined by laboratory analyses 

One of the nine basic sands which range in average 
fineness from 30 to 110 and in clay content from 2 to 
25 per cent will meet the specifications for many uses. 
In addition, by blending one or more of these basic 
sands with or without clay, a sand can be prepared 
which will meet practically any specification 

The blending of sands is accomplished by using 
compartment, 110-ton bins from which batches are 
accurately weighed and fed to a 15-cu ft sand muller 
Chis discharges onto a 60-ft portable conveyor which 
feeds the sand into cars or trucks (Fig. 4 


Washed Sands 


By careful prospecting and mining, followed by 
screening and accurate blending, high grade molding 
sands are produced. However, the importance of 
maintaining experi nced field foremen and constant 
laboratory analysis cannot be over-emphasized. 

Washed sands derive their name from the process 
of preparation. The deposits suitable to production 
are those sufhciently large to warrant the expenditure 
for a plant. Such deposits must contain the proper 
sizes and composition of grain, and must be low 
enough in clay content to be readily washed clean 

Assuming that the deposit is satisfactory in all 
respects, the main problem relative to production is 
the design and layout of a plant which will produce 
grades that are currently required and yet be flexible 


Fig. 2—Screening and loading Albany district sand. 
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to changing markets. The general practice is to mine 
hydraulically and classify the sand. 
plemented with screening in some instances. A typical 
example is the operation at Manumuskin, N. J. 

[his deposit averages 50 [t in depth, 40 [t of which 
is below water level, and contains over 98 per cent 
silica grains, approximately one per cent clay, and a 
small percentage of heavy minerals. The 214 to 3 ft 
of overburden is removed by a Diesel engine pow- 
ered tractor with a 5 cu yd scraper wagon. 


Mining and Classifying 


[he mining is accomplished by a 6-in. centrifugal 
pump powered by a 100 hp electric motor and having 
an 8-in. discharge. The slurry, averaging 15 per cent 
solids by weight, is pumped about 1,000 ft to the plant 
at the rate of 1,200 to 1,500 gallons per min. or an 
average of 50 tons of sand per hr. It is then dis- 
charged into a storage box from which it flows into 
a revolving screen which scalps off the plus six mesh 
material which is discharged via a steel pipe from 
the plant. 

[he sand and water pass into a settling box of 
proper dimensions to settle plus 140 mesh grain. The 
overflow from this tank is passed back to a reservoir 
and the sand is drawn from the bottom and pumped 
to an overhead tank which feeds four classifiers. The 
classifiers, Fig. 5, use a water current of adjustable 
speed to produce a sand of the particular grade of fine- 
ness desired 

By regulating the feed and the classifiers, produc- 
tion of each grade is kept uniform. The first classifier 
produces a sand with an average fineness of 27, the 
second 35, the third 45, and the fourth 68. The dis- 
charge from the classifiers is pumped to dewatering 


Fig. 4 


View of the sand muller and loading conveyor. 





[his may be sup- 
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towers and ground stored for drainage to about eC 
per cent moisture before shipment as damp sand ao 

[his operation is illustrated by Fig. 6. 

The discharge from the first classifier is sent to the l hove 
dry plant where it passes through a 6x 33 ft oil-fired meri 
drier which revolves at 7 rpm. The dry sand 
charged onto a screw conveyor to a bucket ow 


which carries it up to a combination of double dec 
vibrating screens. These divide the sand into the fo 
lowing four sandblast sizes which are stored in four 
800-ton concrete silos: 
6 to 10 mesh or No. 3 sandblast sand 
10 to 14 mesh or No. 2 sandblast sand 
14 to 24 mesh or No. | sandblast sand 
Minus 24 mesh or No. 0 sandblast sand 
Any grade of sand produced by the wash plant can 


be passed through the drier and conveyed direct 4 

into cars, thus eliminating the necessity of dry storage 3 

of these grades. , 
The important factors in the production of uniform 

washed sands have been described and may be sum 4 


marized as: 

1. Thorough removal of overburden. 

2. Control of feed to the classifiers. 

3. Adjustment of classifiers. 

4. Extensive use of screen analyses and other labore 
tory tests. 
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FOUNDRY SAND LABORATORY 


O. Jay Myers 
Foundry Research Director 
The Werner G. Smith Co. 

Minneapolis 


DURING THE LAST DECADE the foundry industry 


has become more and more laboratory conscious. Be- 


ause of this, smaller foundries are contemplating the 
stallation of foundry sand laboratories for control 
esearch purposes. It is the intent of this paper to 
line briefly the organization of such a laboratory. 
Strictly speaking, the foundry sand laboratory does 
clude the chemical laboratory, metallurgical lab- 
story or x-ray laboratory. These departments, which 
al directly with semi-finished manufactured goods 
ay be considered as “engineering inspection stations” 
r the foundry products. 
For example, the chemical laboratory performs rou- 
analysis on drillings or other types of samples 
cured from incoming ingot, remelted metal, and the 
going casting; the metallurgical laboratory analyzes 
| controls grain size, alloying elements, type of heat 
itment and other physical aspects of the final foundry 
stings; the x-ray laboratory devotes its time to the 
tion of outgoing castings and the development 
gating and risering techniques. 


iboratory mixer used for experimental mixtures, a 


lica of the 3000-lb mixers employed in foundries. 





Ihe foundry sand laboratory, on the other hand 


usually works with expendable materials that are used 
during fabrication of the semifinished product. This 
laboratory controls and experiments with the sands, 
binders, mixtures and their treatments; the best method 
of baking, ramming and treating the cores for th« 
castings; the use and application of different types of 
washes; the venting of the molds and other functions 

The foundry sand laboratory usually does not deal 
directly with the finished product. It only controls the 
modes and practices of manufacturing the product 

Why is a foundry sand laboratory necessary if its 
functions are only indirectly connected with the final 
casting? There are perhaps eleven significant points 
which must be considered 

l. To control the uniformity of the product. The 
reputation of any organization is based not only upon 
what it produces but also how uniform is its product 
Uniformity together with inherently high quality can 
be obtained only through vigilant control. A few non 
uniform castings in the hands of such meticulous con 


A gas-fired oven, equipped with automatic temperature 
recording apparatus, used to bake experimental cores. 
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Apparatus used in determination of moisture contents 
of sand mixtures by calcium-carbide “bomb” method. 


sumers as the automotive or aircraft industries may 
easily spell doom for the small foundry. 

2. Control of manufacturing process. In addition to 
controlling raw materials to achieve uniformity of a 
product it is necessary to control the method by which 
the product is made. Has there ever been a foundry in 
which scrap castings continue to recur despite the fact 
that “we have not changed a single thing?” This famil- 
iar phrase probably will continue to be quoted ad 
infinitum, but a foundry sand laboratory will aid in 
alleviating this condition. 

3. Toimprove products and practices. Improvement 
means not only higher quality but a better method of 
producing the final product. The foundry sand labora- 
tory has access to the newest methods of manufacture 
(through current technical literature) and should have 
the time to experiment with them. 

4. To control the expendable molding materials. 
Although the chemical and metallurgical laboratories 
control the incoming materials which finally find their 
way into the finished casting (i.e., the metal itself), the 
foundry sand laboratory accepts or rejects such mater- 
ials as sand, core oil, cereal binder, bentonite and other 
clays, pastes, silica flour, core washes, graphite, talc, 
plumbago, inhibitors, caulking compounds, partings, 
ladle washes, seacoal, blacking, etc. 

All of these ingredients are used in manufacturing 
castings, yet not one of them leaves the foundry. Chemi- 
cal analyses may be performed on these materials by 
the chemical laboratory but the foundry sand labora- 
tory generally performs experimental and production 
tests with them. 

5. To investigate new materials. The foundry sand 
laboratory, having access to the latest engineering data 
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Percentages of sand remaining on the mesh screens a 


determined by mechanical shaking in this machi 


and technical publications, is in an excellent positior 


to investigate new types of foundry materials. Sample: 


of new materials should be forwarded to the sand lal 
oratory for their examination before such products a 
placed in production. 

6. Toaid management in solving certain productior 
problems. The foundry sand laboratory should be y 
well acquainted with its work that such typical pro 
lems as the following can readily be answered: Can the 
core baking cycle be speeded up in order to increas 
production without deleterious effect? Has the recent 
epidemic of hot cracks been caused by a non-collapsible 
sand mixture? Was the last shipment of silica flour of 
uniform quality? 

What core sand mixture shall we use on the new lo! 
of complicated castings just ordered? Shall we adjus' 
the moisture content of our molding sand now that we 
are in a humid season? All of these questions and many 
others should be discussed with the foundry sand 
laboratory with the view in mind of aiding manage: 
ment in solving their problems. 

7. To perform engineering calculations relating 
foundry practices. The personnel of the foundry sand 
laboratory should be well acquainted with simpie calcu 
lations so that the core room foreman having, fot 
instance, “only 932 Ib. of bank sand left” will be able 
to go to the laboratory and find out the exact mixture 
This saves him the trouble of converting 10 pt. of ol! 
per 1000 Ib. of sand to X pints per 932 Ib. of sand. Such 
terms as “Baume degrees” with reference to core washes 
saponification number of core oils, special inhibitors 
such as ammonium-acid-fluoride, and other scientific 
terms will be readily explained in a laboratory. 

8. To maintain records of past performances. Most 
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n believe that troubles occur cyclically and 
eason, if for no other, the records ot past per- 
4» fort s are extremely important. The sand mixtures 

st June when we were not getting cracks in our 
. can be important data next June when the 
> ; rack at knockout. What kind of binder wer 
two vears ago when we could not get enough 
Have we raised the temperature of the core bak- 
1s within the last year? When did we iower the 
sis content of the molding sand? All of these 
may prove useful sometime and save the foun 
drv thousands of dollars. 
. 4 orrelate data. The wealth of figures conveni- 
rted on data sheets are meaningless to foundry 
production unless these data are properly interpreted 
elated. The foundry practice unit will be able 
roduction in correlating these data, in improv- 
ictices and writing procedures. Since most of the 
obtained by foundry testing instruments are 
rly valuable for comparison purposes, inter- 
yn and correlation of these results is most im- 
tant. A sand with a permeability number of 40 may 
in one foundry and useless in the next. The 
ndry laboratory will aid in the interpretation and 
roper use of such information. 

0. To perform routine analysis. This is one ot the 
nections of the sand laboratory. Many a labora 
nerely a routine data assembly line where figures 
imulated and placed on sheets of paper and 

\ll results must be analyzed to advise manage- 
exactly of conditions in the foundry at all times 
To aid organization prestige and provide psycho- 
mtrol. A foundry sand laboratory inherently 
ases the prestige of an organization in the eyes of 


nce used to weigh sand for Dietert moisture test. 
n the right has 100 holes per sq. in. on bottom. 
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management, the workers had competitors. [he m 
presence of a laboratory in a foundry will keep 
workers alert. 

hese eleven reasons should provide present foundry 
management and potential foundry organizers with 
ample justification for the installation of a laboratory 
They briefly outline the functions of a sand laboratory, 
ind how it may be used to aid in supervising foundry 
opt rations 

Every foundry can benefit from a laboratory. How- 
ever, there are five specific instances when a laboratory 
is especially necessary or advisabk 

l. Management ts cognizant of poor control wit! 
attendant scrap castings and loss of money. If manage 
ment realizes the importance of a laboratory, and is 
fully cognizant of the monetary gain afforded by rou 
tine control, a laboratory should be started at onc 

2. Competition is too keen. The foundry without a 
laboratory is at a great disadvantage in utilizing new 
produc ts as soon as the \ become available Even though 
induced to try a new product, an unbiased opinion can 
be gained only from within the organization and the 
sand laboratory is the place to get it 

3. A new financial appropriation with attendant 
ex pansion is near at hand. Although the latest in mech- 
anization is always foremost in the manufacturer's 
mind, a new plant should incorporate the latest design 
for a foundry sand laboratory as well. 

1. Influx of new business. The sudden influx of new 
business necessitating radical changes in foundry prac 
tices should call for the installation of a foundry sand 
laboratory. If the laboratory technician is able to work 
with the production management in setting up and 
designing methods for making the new products, he 


Tensile specimen rammer used to form briquettes in 
conducting the tensile strength tests on sand mixtures 
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Clay analysis tester used in determining if percentages 
of clay in raw, crude sands meet plant specifications. 


will be in a much better position to aid management 
in solving future production proble ms. 

9. Management does not have time to experiment. 
Because of other duties and pressure to get castings to 
the consumer, much recent technical information is 
unused. Management should realize this and take im- 
mediate steps to use the information by installing a 
foundry sand laboratory. This unit must have time 
outside of its routine duties to perform the necessary 
assimilation, interpretation and experimentation with 
all of the latest applicable technical data. 

Ihe question may arise as to how to start a laboratory 
in a foundry. In the first place, the originator of the 
idea must feel the necessity for it himself sincerely and 
should not just be trying to get another department 
under his control (with attendant extra prestige). 

If the reasons for a laboratory given in the first part 
of this paper do not essentially fit into his case, the 
whole subject should be dropped and the foundry will 
continue to produce castings in the same manner it 
has during the past years. However, should more effici- 
ency be the goal of the executives, it should be a 
fairly easy matter to explain to them how they can 
make still more money through the installation of a 
foundry sand laboratory. 

Use can be made of the points brought out in the 
first part of this paper, with the explanation, of course, 
that less scrap will be produced, that new methods and 
materials will be discovered to make a higher quality 
casting and that the laboratory will make a valuable 
addition to the company as a whole. The mere mention 
of these points may not be enough and the organizer 
of the laboratory may need to keep insisting, reminding 
and selling his objectives before anything will be done. 








FOUNDRY SAND Lae 


The permeability meter is a device used for measuring 
the amount of “pore space” between the sand g1 





For a man to run tne laboratory, look first 
your own organization. Although the laboratory ma :bors 


be non-productive in the accounting sense of the w this 
it will pay management back many times if it is correct! ct 
organize d and opt rated. 

Preferably, the supervisor of the laboratory s! sccord 
a graduate engineer with foundry experience. H nda 
should be able to interpret results and be able to It is be 
them into good oral and written form. ate tl 

He should be assisted by a practical young technicia plunge 
perhaps drawn from the core room or melting fi The 
who is not bored by routine work and who is interested ; he 
in foundry practice. A young girl sometimes glass-sl 
these latter qualifications admirably but it is probat are inti 
better to secure an energetic, imaginative young ma! atta 
(22-35) who can get along well with managem« 
labor and who is able to learn to operate and maintai! 6. | 
scientific instruments. sories 

Che foundry sand laboratory should not be isolated found: 


in some office building away from the foundry itse!! 
the other hand, it should not be placed in surroundings 
not conducive to concentration. The supervisor of th 
laboratory and his technician must have access to &' 
part of the foundry and be able to appear at the sit 
trouble at a moment's notice. The laboratory wil! hav 
to be equipped with hot and cold water, g: n 
pressed air, and electricity. Utilities should be kept 
mind when planning the site for the laborator) 
conditioning makes the laboratory a better piace '0 ur 
which to work but usually it is not required. 

The type of laboratory equipment needed cepencs 1 ¢ 
upon the type of foundry which is being serviced. How 
ever, certain pieces of apparatus are essential regarales 
of the metal cast in the foundry. Listed belo 
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pieces of equipment which should be in every 
boratory if it is to function properly. 


|. 4 core baking oven. If any cores at all are being 
made in the foundry, this piece of apparatus is abso- 
jutely essential. It is probably one of the most expensive 
pieces of equipment which will be purchased and much 
cal yuld be taken in buying it. It is best to simulate 
foundry conditions when purchasing laboratory equip- 
m therefore the core baking oven should be the 
sal pe as is used in the foundry. 

Naturally, it should be small enough so that it can 
conveniently fit into a laboratory yet large enough to 


bake at least 100 standard tensile cores uniformly. It 
may be either gas-fired or electrically heated and should 
be provided with an automatic temperature controller, 
preferably of the recording type. It should have a maxi- 
mum working temperature of 550 F, be well insulated, 
temperature uniform throughout the oven. 


Sand mixer or muller. This piece of apparatus 
hould simulate production conditions. There are sev- 
ral excellent laboratory mixers on the market from 
which to choose. The laboratory mixer should have a 
apacity of not less than 25 Ib of sand so that enough 


specimens may be made from each mixture. 

-$. Mechanical sieve shaker. Although many foun 
lries perform their screen analyses by hand sifting, 
luplication of results is extremely tedious unless a 
mechanical shaker is used. A shaker with an automatic 
timing device regulating the time of sifting is advisable. 
[he nest of screens should include those from U. S. 
Series No. 20 through 270 and Pan, inclusive. 

{. Universal sand testing machine. Most of the 
aboratory results will be procured through the use 
{this instrument and it is better to have one which is 
lectrically driven than one manually motivated. 

5. Sand rammers (two). The sand rammers made 
according to American Foundrymen’s Association's 
standard are another piece of fundamental apparatus. 
lt is best to have two of these devices in order to elimi- 
nate the time consumed in changing from one type of 
plunger to another. 

[he two main types of specimens used in sand testing 
are the cylindrical compression specimen and the hour- 
glass-shaped tensile specimen. Although the plungers 
are interchangeable on the sand rammers, it is advisable 

attach the tensile plunger to one, leaving the other 
rammer for the compression specimen. 

6. Permeability meter. The instrument and acces- 
sories for measuring permeability are essential in the 

toundry laboratory. 

7. Tensile strength core accessory. This apparatus 
ncludes all the necessary parts for making tensile 
rength cores; should be purchased with sand rammer. 

8. Moisture tester. The moisture content of molding 
and core sand mixtures is of utmost importance and the 

rapid moisture testers now on the market provide an 
‘asy means of obtaining these data. Of course, small 
juantities of the sand mixtures may be weighed, dried 
ind reweighed but the time consumed and the extra 
iandling of the sand makes it worthwhile to purchase 
Ay moisture tester. 
J. Compression instrument. If a great deal of work 
‘going to be done in the measuring of green strength 
‘ core sand mixtures, the use of a Saeger-type compres- 


‘ion tester is advised. Although green core sand may be 


19, 


tested for compression values on the universal sand 
strength machine, it is much easier and more accurat 
to determine the green compression strength with a 
spring-type tester. Molding sand green compressive 
values are satisfactorily obtained on the sand strength 
machine. 

10. Rapid sand washer. This piece of apparatus may 
be purchased or made in the shop. 

ll. Core hardness tester. ‘This small gauge is indis 
pensable for the foundry laboratory and for testing 
production cores. 

12. A laboratory drying oven (maximum tempera 
ture 350 F). A small oven of this nature is often used 
in the foundry laboratory for drying sands prior to 
testing and for evaporating the moisture from cereal 
binders, clays, etc. 

13. 4 torsion balance and weights. The necessity for 
an accurate, rapid means of weighing sands and binders 
for testing is obvious. The torsion balance is used for 
performing screen analyses and for weighing binders 
when making experimental mixtures. 

14. Muffle furnace. This piece of equipment is 
usually found in one of the other laboratories in the 
plant and may not have to be purchased specifically for 
the sand laboratory. However, its main use is in igniting 
sands and sometimes in studying them under high tem 
perature conditions when a dilatometer is not available 
\ large capacity heavy duty muffle furnace is advisable. 

15. Scale. Some means must be provided for weigh- 
ing comparatively large quantities (25 lb) of sand. An 
accurate platform scale meets these requirements. 

Che instruments on this list should not cost more 
than 1500 dollars and are essential for the proper func- 
tioning of a laboratory. Other pieces of equipment such 


{ universal sand testing machine for testing the vari 


ous strengths of all rammed sand mixture specimens. 
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Compression tester used to test unbaked sand in com- 
pression—an important factor in holding sand in mold 
during assembly of cores in practical foundry operation. 


as sand samplers, mold hardness testers, dry core per- 
meability tubes, transverse strength core accessories, gas 
determinators, flowability indicators, sinter meters, 
dilatometers, etc. may be purchased as the need arises. 
A small supply of laboratory glassware should be ob- 
tained, although most of the work is done with the core 
and molding sands themselves. 

In the arrangement of the laboratory, some thought 
should be given to the spacing of the equipment. A 
sand bin may be constructed in one corner of the labo- 
ratory under which the platform scale will fit. Next to 
the bin a sink with hot and cold running water should 
be placed. The mixer should be near the sink and a 
table containing the torsion balance and weights is 
best situated just far enough away from the mixer so 
that it will not be subjected to undue vibration. 

The mixer should be placed high enough off the floor 
so that the discharge spout will not interfere with the 
insertion of a pail under it. A concerete foundation (34 
to 1 ft high) with bolts set in is admirably suited for this 
purpose. An electrical outlet (preferably 220 volts) 
should be provided for the mixer. It is best to have a 
grounded electrical plug at or near the sink to facilitate 
safe clay analyses. To save steps, it is well to have the 
sand rammers mounted near the sand mixer on firm 
concrete pedestals approximately 3 ft high. 

A preparation table should be situated nearby for 
the compression instrument, moisture tester and per- 
meability meter. This table should be equipped with 
gas and electricity as well as air. Compressed air is a 
useful cleaning medium if properly applied. 

The core baking oven should be raised about 4 ft 
so that cores may be placed in it conveniently. It is 
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advisable not to have the baking oven too close ‘5 the 
sand mixer since the heat from the oven may 
the sand during mixing. If the oven is of the g2;-fireg 
type, it will be necessary to provide an outlet the 
fan or blower. 

A large table for the universal tensile streng:) 
and sand testing machines, drying oven, and mufile fur. 
nace should provide enough room for tabulation of 
data and storing of cores before testing. It is wel] tp 
have at least two large desiccators on this table for th, 
storage of specimens before testing. 

The automatic sieve shaker may be placed anywhere 
in the room, but preferably located near the scale and 
weighing table. If a ro-tap machine is used, a founda. 
tion must also be provided for this piece of equipment 
otherwise the vibration will be transferred to other 
pieces of apparatus. 

Once the equipment is in the laboratory, it is neces. 
sary to become familiar with the instruments. This 
means learning the calibration of the various devices 
the method of making them function most proficiently, 
and a general knowledge of the working parts. Once 
this has been accomplished, duplication of individual] 
results is more likely. 

Many of the variables in sand research and contro! 
have been standardized or eliminated by the American 
Foundrymen’s Association. However, others still exist 
and these are a problem for individual laboratories 
The core baking oven must be investigated. Cores from 
the same type of mixture must be rammed and baked in 
the oven in different times and temperatures in order 
to be assured of complete uniformity. Tests like this are 
apt to become tedious but are absolutely necessary s 
that future results may be properly interpreted. 

Slight adjustments such as air intake, type of flame 
in the case of a gas burner, rheostat adjustment in th 
case of an electric oven, are of the utmost importanc 
and must be carefully controlled and standardized. 


Filing Methods 

The materials to be used in the laboratory must be 
studied. Complete knowledge of the sands, binders 
washes, etc. is imperative. While the testing of this 
nature is being accomplished, at the same time the 
foundry is being aided through the compilation of im- 
portant data. 

A method of keeping and filing data must be set up 
The organization of a filing system for foundry sand 
data is complicated and much study should be devoted 
to it in order to find out which type will best suit your 
needs. Probably a cross reference system is the best s0 
that one may find, for example, “bentonite” not only 
under “clay binders” but also under “synthetic molding 
sands” and “mixtures.” 

In the last analysis, the best thing to do is to st yndard 
ize within the laboratory before advising production 
supervisors what is wrong with their procedures. The 
duplication of results in the laboratory is imperative 
and requires a great deal of tedious work before accom 
plishment. Naturally, one has to use imagination 0 
good common sense in the interpretation of th: results 
For instance, in breaking a tensile specimen, the 
result need not be 34.5 psi for every specimen made 19 
a mixture but if the results should vary between 20.! 
and 56.3 psi, a repetition of the test is necessary 














DISCUSSION 


3an: G. R. GARDNER, Aluminum Co. of America, Cleve- 


zirman: K. J. Jacosson, Griffin Wheel Co., Chicago 
Ries*: What are your thoughts on the green tensile 


{vers: Since the green tensile test can be correlated 
vith core sand stickiness, it should be investigated more 
y. Unfortunately at the present time there is not a 
nough method available for testing the green tensile 
f a core sand mixture. In the Werner G. Smith Com- 
idry research laboratory we are experimenting with a 
paratus for determining the green tensile strength 
tard unbaked tensile strength briquette 
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We know that green compression strength is an indication of 
“stickiness” since core sand mixtures showing values above 1.0 
psi. do not stick to the pattern. Since most core sand mixtures 
have much lower green compression values than 1.0 psi. we 
need a more delicate instrument to measure them 

Dr. Ries: Have you been using it for core mixtures 

Mr. Myers: Yes 

Dr. Ries: I have had a few foundrymen tell me that they 
thought green tensile tests gave them more information than 
the green compression. What are your thoughts on the green 
shear test? 

Mr. Myers: No green shear tests were made by us 

Dr. Ries: I visited foundries using both the green compres 
sion and green shear, and I asked them why they made both 
tests. They thought at times the green shear might show some 
thing which the green compression test did not 
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DETERMINATION OF MOLTEN METAL TEMPERATURES 


G. Vennerholm and L. C. Tate 


Ford Motor Company, Dearborn, Michigan 


[HE ABILITY TO MEASURE accurately the tempera 
ture of the liquid metal in the furnace has for many 
years been the goal of metallurg:sts in both the steel 
mill and the foundry. 

When we consider that the whole refining process in 
steel making is based on a series of chemical reactions 
which are largely a function of the temperature, and 
that the degree of solubility of the various gases present 
such as oxygen, nitrogen, hydrogen, etc., is also governed 
thereby, the vital importance of this subject is evident 

Many of us who have, furthermore, labored in the 
foundry with the problems arising from lack of proper 
temperature control such as dripping roofs, short lining 
life, not to mention runouts, burn-ins, misruns and 
ladle skulls will readily appreciate that accurate knowl- 
edge of the temperature at all stages of the manufactur- 
ing process will make the task of uniformly reproduc- 
ing quality castings from heat to heat somewhat easier. 

It is the intention of this paper to review some of the 





various methods tried and also to discuss the res llts of 
an investigation carried out at the Ford Motor Co 
It may be well before we proceed with our discussion 
to consider the requirements which must be met by jp. 
struments for this type of work in order that the great 
est benefit may be secured and the expenditure justifi 


Accuracy of Instrument 


The instrument must be of such accuracy 
temperature readings obtained do not vary m 
=10° at about 2900° F. Otherwise there is litt] 
for adopting instruments, in particular when 
sider the quite remarkable ability of trained m: 
judging temperature by the eye. 

With the conditions usually existing on the melting 
floor, it is, furthermore, necessary that the instrume 
be sufficiently rugged in its construction to withstar 
the rather rough treatment to which it will be expos 
It is also of importance that it be readily portabl 




















bhs on this and opposite page illustrate op 
immersion unit. The whole operation re 


it 12 sec. (see Fig. 9 for schematic diagram). 


~ 


in be rapidly transported from one furnace to 
or moved out of the way when charging. 

[he operation must also be simple enough so that 
lly trained personnel will not be required as this 
be objectionable, particularly in smaller found- 
In order to secure maximum benefit as well as 
st ease in evaluating the temperature readings, 
instrument must be self-recording so that the melte: 
ise the curve produced as an indication of the 

hysical conditions in his furnace at any given time. 


Temperature Determination Methods 


It is also well to remember that the steel melter, 
ther in the foundry or in the mill, will never accept 
in instrument of any type unless its operation and the 

formation obtained convince him that it is to his 
enefit to use it. It must help to reduce the mysteries of 
teel making to a science. 

Spoon Test Method. The spoon test, where a sample 
{the metal is removed from the furnace in a spoon 
previously coated with slag, and the temperature judged 
ither by the eye or read with an optical pyrometer, is 
probably most common today. The accuracy, however, 
this method even when the optical pyrometer is used 
eaves much to be desired because of the rapid loss of 
‘emperature in the spoon, difference in vision, changes 
in the emissivity of the metal, etc. Furthermore, it 
seems that most melters prefer to use their own judg- 


ment, when they do not agree with the pyrometer man. 
Rod Cutting Method. Another method commonly 
sed, particularly in the open hearth, is the rod cutting 


thod where a steel bar is inserted through the wicket 
hole ind submerged in the liquid bath for a given 
ength of time. Upon withdrawal, the temperature of 
the bath is indicated by the shape of the hot end, high 
temperatures resulting in a clean straight cut while low 


ee 





temperatures are revealed by a cone shape 

Bath Equalization Method. The bath equalization 
method, developed by Larsen and Shenk, is based on 
radiative equilibrium between the roof and the slag 
surface of the metal. It consists of a photoelectric rool 
pyrometer which is sighted on the inner surface of the 
roof and another pyrometer which is sighted downward 
on the slag. In order to take a reading, the power or the 
fuel is shut off to permit the metal, slag and roof tem 
peratures to equalize. The equalization at these tem 
peratures is accomplished in less than a minute's time. 
Che point at which the roof temperature and the slag 
temperature coincide is then used to represent the bath 
temperature. 

The disadvantage of a method of this type is, how 
ever, that the metal itself is not measured and, there 
fore, considerable errors are apt to result. In addition, 
the furnace operation must be interrupted at the time 
of each reading. 

Graphite-Silicon Carbide Method. A graphite-silicon 
carbide thermocouple first announced in 1933 by G. R. 
Fitterer, has met with some success according to pub 
lished data. In principle this instrument is a thermo 
couple formed by a graphite tube sealed at one end into 
which is inserted a silicon carbide rod. This is insu 
lated from the graphite through a surrounding ai 
space, except at the sealed end where the two are joined 
thereby forming the hot junction. To the assembly is 
attached a graphite extension tube which is mounted in 
a water-cooled head containing the terminals connected 
through wires with a potentiometer. 

Dissolving Tube Method. The thermocouple prin 
ciple has formed the basis for several additional methods 
such as the dissolving tube method which consists of a 
platinum-platinum-rhodium thermocouple protected 
by a small porcelain tube which in turn is enclosed in a 
graphite tube. This graphite tube is set in a water 
cooled head and the thermocouple leads are led out 
through a pipe mounted inside one of the two coolant 
conductors which also act as handling extensions. 

The graphite tube is tapered at the end to about one 
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Figs. 1 and 2 (above)—Immersion unit and sectional! 
drawing, radiation tube assembly. Fig. 3 (left)—Con- 
trol head unit. Fig. 4 (below)—Standardizing unit 


half inch thickness and acts as a protection for the por. 
celain tube until the same has passed through the slag 
and into the liquid bath where the graphite burns of 
exposing the porcelain. The temperature readings are 
obtained by connecting the leads to a suitable potenti. 
ometer. Although in principle the same as a modem 
version to be described later, this particular method has 
not proven entirely satisfactory. This is mainly because 
of the water cooling principle used which frequent) 
does not meet with required safety codes. 

Numerous additional instruments have been tried 
with varying degrees of success but their importance 
does not warrant discussion. 

Instruments Used in the Present Investigation. Re 
alizing the great need for an accurate method for meas 
uring the temperature of the liquid bath, the authors 
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y about a year ago made a survey of the 


instruments available and selected two, a radi 
ype pyrometer and an immersion type thermo 
which seemed to offer considerable promise 
tion Method. The radiation method was orig 
leveloped by F. L. Collins and Carl Oseland in 
und later further improved by other investiga- 
it consists of a 6-ft. length of 2-in. steel pipe pro- 
ith a glass window at one end and a steel plug 
wther end having an orifice of about one-half 
ameter. The tube itself was connected with a 
sh pressure air line. 
By submerging the orifice end of the tube into the 
bath and forcing a stream of air through the 
g, a bubble is formed in the metal. Temperature 
gs are obtained by means of an optical pyrometer 
| through the tube on the inside wall of the air 
cavity formed at the orifice. 
Although this method was found to give consistent 
gs when operated by an experienced observer, 
several serious objections were present. The cavity 
formed in the liquid metal, not being a true black body, 
, perfect radiator, necessitated corrections to the 
yrometer readings. 
The difficulty, furthermore, of having to locate the 
small orifice and align it with the filament of the pyrom- 
ter in the short space of time permissible before the 


tube softened sufficiently to start bending, was a serious 
handicap. Also, no automatic record of the t mpera 
ture could be obtained 

I'he principle of the Collins-Oseland method, how 
ever, forms the basis for aseli-re cording radiation pyrom 
eter which was selected as one of the instruments t 
be inve Stigate d 

Ihe difficulties encountered by Collins-Oseland have 
in this instrument been overcome by mounting a thet 
mopile with a suitable optical system, known as a radia 
tion tube, close to the orifice and connecting the same 
with a self-recording instrument This instrument 
eliminates the optical pyrometer and the dilficulties 
connected therewith, and also makes it possible to 
record automatically all readings. 

This instrument in its present form consists of two 
essential parts: (1) the immersion unit, frequently 
called the “dunker,” containing the photo-electric cell, 
and (2) the self-recording equipment. 

The immersion unit as shown in Fig. | is built up of 
three sections welded together. These consist of a tip 
which is machined to form a %-in. orifice and also acts 
as a locator for the aperture, a 2-ft. length of heavy pipe 
which houses the radiation tube assembly and protects 
it from the slag and molten metal, and a 6-ft. length of 
standard pipe to which the control head is attached. 


The radiation tube assembly, shown in Fig. 2, con 
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Fig. 7 (above )—Schematic diagram demonstrating op- 
eration of the immersion unit in furnace application. 


Fig. 8 (below)—A representative temperature chart. 
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sists of the aperture, slotted at the end for air passage, 
and attached to it a double walled brass protection 
pipe. Inside is mounted the collecting lens shielded by 
a pyrex window and the radiation tube itself. The brass 
tube is finned to permit some of the air to pass between 
the inner and the outer wall for increased heat dissipa- 
tion. Attached to this assembly is a half-inch pipe 
which connects with the control head and acts an as 
added protection for the leadwires. 

The control head, Fig. 3, is fitted with an air gauge, 
G, an off and on air valve, H, a switch, J, which permits 
readings to be taken when the unit is immersed in the 
molten metal only, a second switch, M, used when 
standardizing the instrument, and a potentiometer dial, 
L, for adjusting the tube. Attached to the head is a 
short length of 114-in. pipe connecting with an air hose 
to the reducer station. The leadwires from the head to 
the recording instrument run inside the air hose for 
added protection. The recording instrument is a stand- 
ard recording unit with a range of from 1400°-3200° F 
and a chart speed of 2 in. per min. 

The air pressure used plays a vital part if consistent 
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readings are to be obtained, and varies with th 
of immersion. It has been our experience that n 
isfactory results are obtained with a pressure of |? 
and with the tube immersed approximately 6 int 
the liquid metal. 

To assure accuracy, it is advisable to standa 
instrument once a day. A unique method has beer 


developed for this purpose. A standard radiation tube 
fitted with a galvanometer as shown in Fig. 4 is attached 
alongside of the immersion unit and plugged into thy 


control head, Fig. 5. The whole assembly is the 
sighted against the inside wall of the furnace, as ind 
cated in Fig. 6, and the dial on the control head ad 
justed until a zero reading on the galvanometer is o} 
tained, at which point the dial is locked. In this ma 
ner, compensation is made for any dust or foreig; 
matter collected on the instrument. 


The operation of the immersion unit in the foundn 


or the mill is relatively simple and can readily be pel 
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Fig. 9 (below)—Schematic diagram showing constru 
tion details of thermocouple and application meth 
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by one man. To take a reading, the tube is 
{ through the wicket hole and the tip im- 
to a depth of approximately 6 in. in the liquid 
[he air valve is held open to allow the air to 
yugh the orifice and form the cavity, the inne1 
which becomes target for the radiation tube. 
mn as the tube is in place, the pyrometer switch 
| thereby recording the reading after which the 
withdrawn. The whole operation requires 
9 sec. with an actual contact time between the 
n tube and the recorder of about 2 sec. A sche 
liagram, Fig. 7, demonstrates the operation. 
temperatures are recorded on a chart in a man 
ywn in Fig. 8 which represents an open-hearth 
Each double line indicates the temperature of a 
lar reading. As such recordings can be taken at 


(right )}—Tem perature recorder (circular chart) 
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; 2 rt} jl about 6 to 10-min. intervals, a very complete log can 
. a be obtained by drawing a curve connecting these points 
eee { The maintenance of this instrument appears from 
— NECTION BLOCK FO the results obtained to date, to be low, usually confined 
to replacement of the pyrex glass window which occa 
2] ee rt wn sionally gets splattered with metal Although a coating 
w N CERAM F 
‘ of metal and slag frequently adheres to the tube when 
EAVY GRAPWITE EXTENSION rt withdrawn from the furnace, no difficulties have been 
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encountered in rapidly removing the same. 

Immersion Thermocouple Method. ‘The second in 
strument selected for this investigation is a direct read 
ing platinum-platinum rhodium immersion thermo 
couple. This instrument is used in an adaptation of 
the so-called “quick-immersion” technique first devel- 
oped by Schofield and Grace in England and later 
modified by other investigators in this country. 
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It consists of three main parts, namely, an angle type 
immersion head, an extension pipe fitted with a handle 
and the recorder, Fig. 9. 

The immersion head shown in Fig. 10 contains a 
fused silica protection tube which comes in direct con- 
tact with the molten metal and acts as a protection for 
the hot junction of a platinum versus platinum—13 
per cent rhodium thermocouple. The silica tube is at- 
tached to a heavy graphite extension block which acts 
as a protection at the slag line for the platinum leads 
which in turn are mounted in a double bore sillimanite 
insulator. 

This graphite block is threaded to an 18-8 pipe 
screwed into an inner condulet, housing, a ceramic 
spool and a connecting block for the thermocouple 
wires. Although the required length of the wires is 
only about 20 in., a 30-in. thermocouple is used with 
the excess wire being coiled around the ceramic spool 
as areserve. An outer condulet fitted with a detachable 
plug and coated with a refractory cement acts as a pro- 
tection for the inner assembly. 

The extension pipe, Fig. 11, which carries the lead 
wires and varies in length depending upon the furnace 
used, is protected by a 2-in. pipe fitted with rockwool 
at the end exposed to the furnace temperatures to pre- 
vent warping and damage to the wires. 

The opposite end is fitted with a “quick-disconnect” 
locking type detachable plug for connecting the flexi- 
ble rubber insulated wires leading to the recorder. 


Taking Temperature Readings 


The recorder, Fig. 12, is an electronic potentiometer 
having a range of from 2200 to 3200° F and fitted with 
a circular chart making a complete revolution in 4 min. 
A selector switch which is mounted on the panel enables 
the operator to balance the recording instrument be- 
fore each temperature reading. 

To assure maximum accuracy, the power or fuel as 
the case may be, is shut off and the bath thoroughly 
rabbled, just prior to taking a temperature reading. 
The unit is then inserted in the furnace by sliding it 
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on the breast with the immersion head in the h 
position, an operation easily performed by o 


The head is usually held fo 


r a few seconds a 


slag for preheating whereupon the tip is raj 
mersed in the metal to a depth of about six in 
as the temperature curve levels off, a matter of 
sec., the unit is removed from the furnace. 


A typical reading is shown 
in temperature occurring at 
caused by the couple passing 


withdrawn and indicates the extreme sensitivity 


this instrument. 


Before taking a new reading it is best to replace th 
silica tube, although it is possible to obtain several rea\. 
ings on the same tube but always at the risk of losing ; 


portion of the platinum wir 


The thermocouple which is calibrated with a stan 


Fig. 13 (left)}-Typical temperature curve for thermo. 
couple unit; 35 to 40 sec. required for curve to level of 


Fig. 14 (below)—Radiation type of pyrometer, perma. 


nently mounted, records temperatures for entire hea: 
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iple before being put into operation, is generally 

yr about ten readings after which time approxi- 

y one-fourth inch is removed and the wires re- 

{| at the hot junction and the entire couple an- 

After about 275 to 300 readings, or when the 

yecome too short, the thermocouple is replaced. 

accuracy of the instrument is within 10 to 15° at 

F and is dependent upon care in the assembly 

placement of the hot junction at proper intervals. 

Evaluation of Results Obtained. In evaluating the 

results obtained from the rather extensive investiga- 

tion carried out, we believe that we are justified in 

stating that both principles involved form the basis for 

very valuable tools which when properly handled can 

be a great help to the metallurgist in the foundry and 
in the mill. 

Common to both are accuracy, reliability and ease in 
handling which are all necessary if the expenditure is 
to be justified. 

Certain advantages and disadvantages, depending 
upon the application and requirements, are, however, 
inherent in each principle and these must be carefully 
considered when selecting the method most suitable 
for a particular shop. 

When a complete time-temperature log from melt- 
down to tap is desired, an instrument based on the 
radiation principle offers the most in that it permits 
frequent readings, i.e., at about 6 to 10- min. intervals, 
to be taken. Such an instrument, furthermore, requires 
little maintenance. In addition, there is little danger of 
damage when adverse slag conditions are encountered. 


Possible Sources of Error 


Offsetting these advantages, however, is the fact that 
an instrument of this type is not standardized under 
operating conditions, therefore, slight errors are possi- 
ble due to the difference in emissivity between the 
standardizing body and the molten metal as well as to 
the chilling effect and oxidizing effect of the air stream. 
However, by repeated checking against thermocouple 
readings, these errors have been found not to exceed 
about +10° F at 2900° F provided that the necessary 
care in the operation is exercised. Such errors are with- 
in acceptable limits. 

Where maximum flexibility is of prime importance 
and the instrument is to be used for temperature record- 
ings of the metal in the ladle as well as in the furnace, 
the thermocouple principle permits easier handling and 
has the advantage that the actual temperature is 
recorded without requiring emissivity correction. 

Ottseting this, however, is the need for replacing the 
silica protection tube after each reading at a cost of ap- 
proximately $0.90 to $1.00 plus labor. This expendi- 
ture, which is rather high in particular when small fur- 
naces are used, cannot be evaluated properly, however, 
without considering the much lower initial installation 
cost of the instrument. 

Application in the Gray Iron Foundry. Of particu- 
lar interest to the men in the foundries is the applica- 
tion of radiation type pyrometers. The operation of 
doth these instruments is similar in that they sight a 
radiamatic or radiation tube into an enclosed protec- 
ion tube, submerged in the molten metal. 

The protection tubes are purged with a small amount 
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Fig. 15—Drawing showing construction details and ap- 
plication method of another type radiation pyrometer. 


of air to free them from fumes that would impair true 
temperature readings. Also a suitable cooling system is 
provided to insure protection for the radiation collec- 
tor units. The instruments are mounted permanently 
on continuous cupolas as shown in Fig. 14 and produce 
a complete temperature record for the entire heat. 
Complete temperature records are a great aid to the 
foundryman in that they help to improve his cupola 
control and thereby the quality of his castings. 
Although the writers have had no first hand experi- 
ence with these units, it is our intention to investigate 
their usefulness in the immediate future in connection 
with all types of melting units used in the foundry. 


Conclusions 

Accurate determination of liquid metal temperatures 
is essential to control of melting operations. In gen- 
eral, temperature measuring instruments for foundry 
use must be accurate within approximately plus or 
minus 10° F at about 2900° F. These instruments must 
respond quickly to temperature changes, must be 
rugged but portable, and should have low initial and 
low maintenance costs. Operation should be simple 
and the instrument must be recording as well as direct 
reading. 

This paper has been presented in an effort to high- 
light the developments in the field of molten metal 
temperature measurements and thereby stimulate fur- 
ther interest in a subject of vital importance to all 
foundrymen. It is our belief that no efforts should be 
spared in further developing and perfecting methods 
and instruments, as this will not only help to improve 
our understanding and control of metallurgical proce- 
dures, but in doing so will raise the quality of our work 
and thereby benefit the industry as a whole. 
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DISCUSSION 


Chairman: J. B. Caine, Sawbrook Steel Castings Co., Cincin- 
nati. 


Co-Chairman: C. K. DonoHo, American Cast Iron Pipe Co., 


Birmingham. 

Dr. J. T. MAcKenzie:! I would like to ask how this graphite 
tungsten is protected in the closed couple or the open end type. 

Mr. Tate: On the closed end type we are using a protective 
coating of zirconious wash, whereas on the open type a high 
temperature cement wash to protect the graphite tube from 
excessive erosion will suffice. Indications are that we will get 
around 75 to 100 readings per foot of graphite by coating the 
outside with such a ceramic wash. 

Mr. VENNERHOLM: As the price of the tube is about 30 cents 
a foot and we hope to get 100 readings per foot, I do not think 
that this cost will be prohibitive. 

L. P. Witson:2 The paper was excellent. Our work is in brass 
and other copper alloys and we have been working for about 
214 years on that same problem. What about tungsten oxida 
tion? What is the alloy you use on the end of your radiation 
tube? 

Mr. Tate: The end of the radiation tube is just common 
steel. As for tungsten oxidation, we are coating the tungsten 
rod with an alumina wash which protects it from oxidation as 
well as carburization. 

MemMeser: I have been much interested in this immersion ther- 
mocouple, and I had the opportunity last year of visiting the 
steel mills in Sheffield, England. They have been doing a lot 
of work on it, and a paper has been prepared for presentation 
before the British Iron and Steel Institute in which they sub 
stituted the carbon block by a steel block. The steel being 
immersed through the slag, it is covered with the slag and it 
serves as a protection for the couple. They have found out 
by that means, according to this British paper, that they have 
eliminated completely the necessity for shortening the thermo- 
couple every six immersions. And from that paper it is believed 
that the corrosion of the platinum, platinum-rhodium couple 
is due to carbon pick-up from the graphite protection under 
the high temperature of the steel bath. 

In our plant, we are installing a quick immersion thermo- 
couple and we believe, and the manufacturers believe too, that 
we will not have to use up the platinum couple during the 
operation. 

Mr. VENNERHOLM: We are not using a graphite tube in con- 
junction with the platinum couple but a refractory tube. One 
serious objection to the platinum-rhodium couple is the insta- 
bility of these metals above approximately 2500° F. 

Mr. Tate: There is an inner pipe of nickel steel on the inside 
of the graphite block which protects the platinum couple from 
any gases present as a result of reactions with the carbon block. 

Member: We have had no actual experience, but according 
to this British paper, they took 600 readings with this steel- 
protected thermocouple and had to do nothing to the couple; 
there was no deterioration of the couple. 

Co-CHAIRMAN Donono: I would like to ask what is the maxi- 
mum temperature that you can read with this silica sheath on 
the platinum-rhodium couple without the silica giving way. 

Mr. Tate: I think you can take a reading up as high as 
8300° F. The silica is a special silica tube. It starts to soften 
up around about 2900° F., but I think you can get up to about 
3300° F. before it disappears. 

Co-CHAIRMAN DonoHo: We were hoping to read tapping tem- 
peratures in an electric furnace and even at 3200° F. the silica 
tube would curl up to where it finally broke the platinum wire. 

MILTON TILLey:3 Do you find any trouble with oxidation on 
the metal interfering with the temperature readings with the 
air that you use to keep the metal from coming up into the 
tube? Is there any oxidation or any fumes coming up? 

Mr. Tate: There is enough pressure in the tube to prevent 
any flowing in same. As far as oxidation on the inside of the 
bubble formed is concerned, this is compensated for on your 
Speedomax meter. A Speedomax meter will give you any tem- 
perature scale you desire, and you actually standardize this 
instrument against your platinum immersion couple to find the 


a American Cast Iron Pipe Co., Birmingham, Ala. 
2 Western Serssidoe Co., E. Alton, Ill. 
le and Steel Castings Co., Cleveland. 
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proper scale to work with. Now, if we run our steels y 
the carbon range for which the instrument has been s 
ized, we do not experience any pronounced deviation. 

Mr. VENNERHOLM: The reaction of the air on the in 
of the bubble is, naturally, exothermic so that you act 
get a slightly higher reading, but at the same time | 
that this anticipated increase is pretty well offset by th: 
effect from the air stream. 

Mr. TILLey: I was thinking of the oxides interfering 

Mr. VENNERHOLM: We do not consider this, at any r: 
the present time, to be much of a handicap. We fr 
check our readings against a regular thermocouple; these 
ings compare very well. 

Mr. TiLtey: I was wondering if you did have some fluc 
tions there, whether it would be worth while using 
oxidized gas. 


Mr. VENERHOLM: It may be beneficial to use a non-oxidizing 


gas; as long as the accuracy of this instrument, however, lies j 
the range of + 10° F. we believe it is satisfactory for all pract 
purposes. The accuracy of the direct reading thermocoup| 
approximately + 5° F. 

J. E. Kerr:4 We would like to get temperature readings on 


metal while we are pouring it; this should be comparatively 


easy in comparison to measuring metal temperature in 


furnace. We pour Hadfield’s manganese steel which oxidizes 


readily; it is therefore, accompanied by large quantities 

smoke and flame during pouring operations. Due to the pr 
ence of this smoke and flame we cannot obtain consister 
optical pyrometer readings. Do you think that the stream 

air used with your instrument would cause sufficient oxidati 
of our material to interfere with accurate or consistent temper 
ture measurements? 


Mr. Tate: If you intend to use a rayotube, the same should 


be standardized against a thermocouple first. I do not belies 
that with this type of metal your temperature scale will yar 
as long as the analyses stay within reasonable limits. 

Mr. Kerr: Did you use it on any alloys that were more sus 
ceptible to oxidation? 

Mr. Tate: We have used it on plain carbon and the low alloy 
steels only. 

M. C. Upy:5 I think the real limitation of the temperatur 
you can measure with the platinum, platinum-rhodium therm 


couple is the melting point of platinum, which, as I remember 


it, is between 3100 and 3200° F. 

Mr. TaTeE: That is right. 

Co-CHAIRMAN DoNnono: Our trouble was that the silica tub 
softened and floated up in the steel. Is there a special kin 
silica that does not do that? 

Mr. Upy: Not silica, but there are other materials, as Mr 


Tate mentioned, the alumina. If you can stand the cost, beryllia 


is a very excellent protection tube material. 

Mr. VENNERHOLM: I think the biggest limitation which we 
find right now is the instability of the platinum-rhodium alloy 
more so than the refractory. You are speaking of 3200° I 
tapping temperature; that is higher than we generally encounte! 


as we tap around 2900 to 2950° F., depending on the type of 


steel. 

MEMBER: We have an application where we would like | 
melt around 3400° F.; and we would like to have a therm 
couple that would do the job at that temperature. 

Mr. Tate: Using the graphite tungsten couple when final) 
developed will do this. According to theory, we can take tem 
peratures up to 5000° F. by using a hydrogen stream in the 
tube. 

CHAIRMAN CAINE: Along that same line, may I ask why the 
authors have not mentioned photoelectric cells? The rayotube 
when used in metal over 3100° F. is impracticul, because you 
lose the tube. The whole instrument is in the bath and the 
steel tube will cut off within a matter of seconds. A photo 
electric cell can be attached to the back of the tube, out of the 
furnace, using an ordinary pipe that is expendable, and offers 
possibilities. What is your thought along that line? 

Mr. Tate: I think a short explanation will clarify this poi 
We coat our tube with slag before the same enters into ‘he 
metal bath; and the tube, furthermore, is not in the bath mor 
than three seconds. I do not think that any difficulties nee 


* Pettibone Mulliken Corp., Chicago. 
5 Battelle Memorial Institute, Columbus, Ohio. 
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ticipated within that length of time when the tube is 
th slag 
, NNERHOLM: I would like to add that our ambition right 
develop satisfactory instruments for the steel foundry 
mill; and that we feel that anything over 3000 to 3100 
)f the range of this present investigation 
MAN CAINE: Then you would say there is a limit, let us 
to 3100° F. for the two instruments that you have 
\ie. VENNERHOLM: I would say there is, yes. 
RASSENFOSS:® In regard to the instability of the calibra 
itinum, platinum-rhodium thermocouple at these ope 
nperatures, we did some work last summer and used 
we did not use the combination of graphite with 
tube inside as you have, but one similar to those 
England. This tip was made from a piece of tapping 
in. in diameter and having a drilled hole through the 
pproximately %g in. in diameter. The thermocouple 
| from the end of this steel immersion tip for a distance 
ximately 3 in. and was encased in a 14 in. outside 
vitreosil tube. That couple was used for 14 immersions 
was broken mechanically. It was in use on the floor 
someone hit the couple and broke one of the wires. We 
rated it immediately before that and it had changed 
F. from its original calibration. You might question 
F. with the equipment we used to calibrate it; there 
e some suspicion that perhaps had we had equipment 
er precision for calibration it might have been better, 
we did not think the 5-degree variation in the 14 readings 
s so much as to say it was unsatisfactory at that point. Per- 
ns had we been more careful, we could have carried it on 
nsiderably greater number of readings 
Mr. Tate: When the decision was made to repair the couple 
ifter every tenth reading, it was not because the couple had 
teriorated to any great extent, but to insure maximum accu- 
it we made this rule to cut off 14 in. after every tenth 
Mr. RassenFross: I think you can extend it a lot more than 
have done so far. The English reports indicate perhaps 
s much as 25 or 30 readings, and usually then the couple has 
be cut off, perhaps because of mechanical damage more than 
anging calibration due to its exposure to the temperature, 
ecause, actually you are immersing it and exposing it to that 
emperature for only a very short time. 
Mr. Tate: About 30 seconds. 
Mr. RASSENFOss: Our readings were taken using a hand-oper- 
uted potentiometer and our maximum was 30 seconds. We 


{ normally get a reading in 23 seconds total immersion, 


from the time we started through the slag until we got a read- 


ng. So I do not believe that even on a theoretical basis we are 
so much danger, because, actually our time at that tempera- 


ture which would change the composition of the couple by the 
proximity of the wires is such that we do not need to be 
worried until we get up to quite a large number of readings 
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I think perhaps 10 is too conservative and that much better can 
be done 

Mr. Tate: I agree with you that with highly skilled men, no 
such precautions would be necessary as they could tell just by 
looking at the end of the couple if it was starting to deteriorate 
The first sign of any deterioration would be a frosty appearance 
at the hot junction or else black spots from carburization. If 
those symptoms are not present you can be reasonably sure 
that the couple gives satisfactory results. If the instrument, how 
ever, is to be a production unit, unskilled labor to handle the 
same, such as furnace operators, then certain definite rules have 
to be established 

Mr. VENNERHOLM: Perhaps we did not stress in our paper the 
fact that the same represents only a preliminary report of our 
findings up to date and that our immediate goal was to fully 
evaluate two instruments of entirely different construction. The 
impression, therefore, may have been somewhat misleading; in 
particular relative to the point brought out by Mr. Rassenfoss 
regarding total number of readings obtainable before a correc 
tion had to be made, but for this particular investigation maxi 
mum accuracy was essential and we, therefore, did not want to 
take any chances 

Member: In several plants where this same type of thermo 
couple is used as a production control device, they are getting 
more than 10 readings without having to cut off the end of the 
thermocouple. However, I think we have a big difference there 
that we cannot overlook. There, they are using the device as a 
production control instrument. In this study we had a research 
project, where the thermocouple instrument was being used 
as the master to calibrate a less sensitive and less accurate 
instrument that was being used to take the great number of 
readings that are always necessary in any research project. The 
precaution of establishing a figure that would allow too high 
a safety factor for normal practice was probably a good practice 
in this case 

Mr. RAssenross: Might not the use of the steel instead of the 
graphite head have something to do with the improvement 
The English investigators seem to feel so 

MemMBeR: I would seriously question that from the construc 
tion that we employ on the thermocouple. That is, I believe, 
a nickel alloy tube that protects the thermocouple or seals the 
thermocouple, in effect, from the protecting tube, so that there 
is, in effect, a barrier produced there and it would seem to me 
that that would have the same effect as the steel block. 

Mr. VENNERHOLM: That is correct; our refractory tube is in 
serted in a graphite block, but the thermocouple is insulated 
from the graphite block through an 18-8 stainless steel tube 
extending through the graphite block from the refractory tubs 
to the upper portion of the head, so that the thermocouple 
itself is insulated from the graphite all the way down. I do not 
think that this particular phase is as much of an objection to 
an instrument of this type as the short life of the refractory 
tube. We are at any rate concentrating our efforts on finding 
a material that is less sensitive to all the physical and other con 
ditions encountered in this type of work 
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MALLEABLE IRON FINISHING 


By 


E. M. Strick, Finishing Supt. 
Erie Malleable Iron Co. 
Erie. Pa. 


FINISHING OPERATIONS On malleable iron castings 
have sometimes been regarded as a necessary evil and 
neglected accordingly. Actually, they are an important 
consideration in the production of good, salable cast- 
ings and have an important bearing on costs. 

There is a tendency on the part of many foundry and 
pattern superintendents to regard the molding of cast- 
ings with only two objectives in mind—high yield and 
low scrap loss. They pay too little attention to finishing. 
The removal of excessive and misplaced gates, feeders, 
crack strips, core fins and parting lines are the problems 
left to the finishing departments to solve as best they 
can. Many of these operations are performed at an ex- 
cessive cost which could be reduced by greater co-opera- 
tion between pattern, foundry and finishing sections. 

Unnecessary finishing operations are sometimes 
caused by the unfamiliarity of the designing engineer 
with foundry techniques. His chief interest lies in the 
ultimate use of the casting. Therefore, it is the foundry- 
man’s responsibility to try to reconcile the customer's 
requirements with sound foundry practice. 

When a print of a new job is received, it should be 
submitted to the foundry, pattern and finishing depart- 
ments for thorough study. Based on this study, a cost 
estimate of the job is prepared from which the selling 
price is established and a quotation given the custo- 
mer. If accepted, an order follows and the pattern and 
other equipment is constructed. 

The pattern with temporary gating is first used by the 
foundry to produce sample castings. Careful examina- 
tion of these samples reveals conditions which must be 


corrected and the job is resampled and the process re. 
peated often enough to get the best possible results 

Subsequently, a sample casting is sent to the custo. 
mer for his inspection and on receipt of his approva! 
the job is put into production. 

It is important that the chief inspector obtain from 
the customer full finishing specifications. ‘These would 
include information on the ultimate use of the cast 
ing, tolerances, locating points, sequence of machining 
operations and other details. 

It often happens that castings are given unnecessary 
finishing due to a lack of information concerning the 
requirements of the customer. If in doubt, the foundry 
should always consult with the customer and, if pos 
sible, should obtain written confirmation to avoid an 
later misunderstanding. 


Hard Iron Cleaning 


Control of the finish on castings does not start in the 
hard iron cleaning department as many believe. It 
mences with the molder and much depends on the sand 
the facing, the ramming, the pouring and many other 
considerations. With certain castings, gates must | 
knocked off hot and on many they can be so con 
structed that the gates can be knocked off with a mii 
mum amount of stock left for grinding. 

There is always considerable controvery rela 
tive to the advantages of cleaning castings in tt 
hard iron state, and there are good arguments for and 


against this practice. In a jobbing foundry with a wide 
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malleable castings are ground on stand grinder. 


uriety of castings requiring close tolerances, gauging, 
ind an exceptionally good appearance, cleaning in the 
ard iron is essential. On long running jobs, after the 
foundry has produced many good castings with low 
scrap loss, cleaning of hard iron can be discontinued. 
Obviously, effective cleaning of hard iron depends on 
proper choice of cleaning equipment. Improper 
juipment or careless handling will result in cracking 
ind breaking of castings because of their brittleness at 
his stage of their manufacture. 


Hard Iron Inspection 


{nother argument for cleaning hard iron results 
trom the fact that many customers receive daily reports 
9 good castings molded and plan their production 
hedules accordingly. If, subsequently, deliveries are 
lelayed due to the scrapping of castings discovered de- 
fective onlv after they have gone through the anneal- 
ng process and other finishing operations, it tends to 
make the customer dissatisfied. Furthermore, the cost of 
ill of the finishing operations on such castings is a 
mplete loss to the foundry. 

Hard iron can be cleaned by tumbling, wire brush- 
ng, water, shot and sand blasting. The method which 
shows the lowest cost for the type of work being pro- 
juced should be the one selected. One method may 
prove more productive with higher equipment main- 
enance and lower labor cost while another may be 
ower in maintenance and higher in labor cost. 

After castings have been cleaned, they are inspected 
and chipped in the hard iron inspection department. 
This function, in the opinion of the writer, is one of the 
most important of all finishing operations. The hard 
ron inspector must be familiar with defects such as 
ag holes, sand holes, cold shuts, misruns, shrinks, 


Light malleable iron castings are hand straightened, 
mspected, gaged and bagged in this department section. 


Swing grinding does job on heavy malleable castings. 


cracks, hot tears, roughness and other defects. He must 
be able to determine soundness of a casting by tapping 
it; must observe whether the correct cores have been 
used; must continually break castings to insure sound- 
ness; and know where to look for sub-surface gas holes. 

The pattern, molding and coremaking departments 
must be kept informed as to all defects which cause 
castings to be scrapped or which require extra finish- 
ing to salvage them. One method which has been found 
to be helpful has been to sort and lay out all scrap daily 
so that the molding and core room supervision (and the 
operators, if necessary) will have an opportunity to see 
and analyze it. 

Wherever casting sections will permit, fins and crack 
strips should be knocked off to keep down grinding and 
chipping costs. Excessive and misplaced gates and feed- 
ers require extra finishing and should be brought to 
the attention of the personnel concerned for study and 
correction. By careful vigilance, the hard iron inspec- 
tion department can be of great help to all departments. 

Grinding. Light gates, feeders and fins can be re- 
moved by grinding in hard iron but there are cer- 
tain objections to this. These objections include low 
production, high grinding wheel costs, breakage haz- 
ards and grinding heat checks incident to the grinding 
of too large gates, feeders and fins. For that reason, mal- 
leable iron castings are usually ground after annealing. 


Determining Grinding Method 


There are many methods of grinding hard iron or 
soft iron. Different type fixtures, pressure bars and 
other considerations based on the design of the casting 
usually determine the best grinding method. 

Grinding machines, stand or swing, of proper speeds 
are most essential and they should be equipped with 
motors of ample horsepower so that there is no appreci- 
able deceleration even when pressure bars are used. 
To obtain best grinding wheel efficiency, recommended 
peripheral speeds should be maintained. 
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[here are two types of wheels commonly used in 
malleable foundries. Both are tested by the wheel 
manufacturers at much higher speeds than are called 
for by state safety codes. The recommended maximum 
speed of vitrified or low speed wheels is 6500 surface 
ft. per min., while that of the resinoid, bakelite and rub- 
ber high speed wheels is 9500 surface ft. per min. 

Low wheel costs and maximum production are ob 
tained by maintaining these speeds as the wheels wear. 
This can be accomplished by an increase in the RPM 
as the wheel becomes smaller in circumference. Vari 
able speed erinding machines are ideal, of course, but 
very good results may be had on other grinding 
machines by changing pulleys after about every foun 
in. diameter of whcel wear, or by changing the wheels 
from one machine to another of higher spindle speed 
so that maximum surface speed can be maintained. 

In order to make a comparison between any two 
types of grinding wheels, the following information 
should be obtained from the operating data: 
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MALLEABLE [RON 

Make of wheel; type of wheel; size of whee! 
wheel; price of wheel; number cubic inches 
for use (full size until discarded); cost per cub 
wheel; diameter of wheel at start of test; dia 
wheel at end of test; cubic inches used on tes 
wheel used on test; number of pieces ground 
per hundred; earnings of operator per hour 

\ careful comparison of the cubic inches 
or weight) used, operato! earnings and othe 
should determine which wheel would be most 
cal. There are, of course, many variables, such 
stand, grade of iron, whether or not pressur 
used, and other considerations. 

In comparative tests of different wheels, 
type of casting and the same operator should 
Che amount of metal removed by weight is a 
indication of wheel efliciency. Of course, pro 








guards and dust removing equipment are ii 
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usually is adaptable only where quantities are 
tial and justify the cost of the fixtures involved. 
e and location of gates are very important if 
is contemplated and considerable attention 
be given to the design of fixtures and shearing 
f this operation is to be successful. 
Ordinarily, less skill is required for this operation 
r grinding and this may often be a determining 
Iron recovery is also one of the advantages of 
iring Operation. 
ping. Due to the design of certain castings, the 
eders, parting lines and other projections are 
where they cannot be removed either by grind- 
shearing. This entails a chipping operation 
is expensive at best and everything possible 
| be done to hold it to the minimum. 


Skill and Equipment Required 


( ping requires considerable skill and universal 
fixtures to hold the work in a given position are de- 
sirab \ir operated vises mounted on a suitable table 
are ry generally used and a small, portable air- 
operated grinding wheel is an essential supplement to 
the chipping equipment. 


Soft Iron Cleaning. The cleaning of malleable iron 
in the soft, ductile state after annealing and after grind- 
ing is of utmost importance because in this operation 
all scale and sand adhering to the casting which might 
prove detrimental in subsequent machining or galvan- 
izing is removed. Modern methods permit castings to 
be cleaned so that they can be machined more efficiently 
with longer tool life and with some reduction in time 
necessary for subsequent cleaning incident to galvan- 
izing and plating. 

The equipment used for the cleaning of soft iron is 
generally the same as that mentioned in connection 
with hard iron cleaning. 

Straightening and Inspection. After cleaning, cast- 
ings are straightened and inspected. Soft, ductile mal- 
leable iron lends itself to hand or die straightening 
where a high degree of uniformity is desired. This 
quality permits close tolerance straightening and con- 
sequent reduction in casting finishing and machining 
perations. Today, hydraulic presses of large capacity 
with very efficient die equipment are performing coin- 
ing and pressing operations to tolerances previously 
deemed impossible. This has manifold advantages for 
the foundry and the purchaser of castings. 


Die Design and Construction 

An important corollary to all of this is the design 
and construction of dies which constitutes a compre- 
hensive technical subject in itself. No attempt will be 
made to cover this subject here except to say that it 
affords a wide field for engineering ingenuity and large 
potential savings. 

Other methods of straightening malleable castings 
include the use of slow speed presses without dies, hand 
straightening on the bench or plate with soft hammers, 
and drop hammer straightening. Every effort should 
be made to avoid hand straightening operations as 
these usually require skill and are slow and expensive. 

Obviously, straightening is closely related to the 
packing of castings for annealing—the better they are 
packed, the less warpage to be corrected. Considerable 





Torsion test made on pearlitic malleable tron casting. 


straightening can be avoided by careful packing prior 
to the anneal although in some cases this consideration 
can be ignored and a properly constructed die de 
pended upon to straighten a 'l castings. 


Final Inspection 

The final operation in connection with finishing 1s 
a piece inspection for which carefully trained personnel 
is required. Certain imperfections which are not appa- 
rent in the earlier processing or as a result of that 
processing, such as cracks, bad grinding, shearing, chip- 
ping, improper straightening and cleaning, burnt cast- 
ings and metal defects should be detected at this point. 

In many cases, it is necessary to ream, broach, drill 
or perform certain tests and other simple operations 
just before this final inspection takes place. Here, 
again, is indicated the necessity for close liaison with 
the customer and a wide knowledge on the part of the in- 
spection department as to the customer's requirements. 

Inspection as a function should be entirely divorced 
from any other operating functions and the chief in- 
spector should report to general management or to a 
general superintendent rather than be under the juris- 
diction of the foundry or finishing departments. 

This sets up a function which can be quite indepen- 
dent and impartial, both of which are essential in the 
inspection operation. 


Conclusion 

Malleable iron because of its toughness, ductility and 
extremely high machineability has a wide industrial 
use. This results in a great range of types and sizes of 
castings so that, particularly in the jobbing foundry, 
it is necessary to generalize on the subject of finishing 
operations. A study of each casting must be made to 
arrive at the best combination of finishing operations. 

There are no hard and fast methods which can be 
put down as being the best so all one can do is to hope 
that these thoughts and suggestions which are the re- 
sults of experience may be helpful to others. 
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DISCUSSION 


Chairman: C. F. Jounson, Central Foundry Div., Genera! 
Motors Corp., Saginaw, Mich 

Co-Chairman: W. D. MCMILLAN, International Harvester Co 
Chicago. 

N. J. Henke:! What are your recommendations for grits and 
hardnesses for grinding wheels for hard iron and for soft iron? 

Mr. Srrick: The Erie Malleable Iron Company is using prac 
tically 90 per cent low-speed wheels. We had to run a numbet 
of experiments to find the wheel that was adaptable for both 
malleable and pearlitic irons. A good part of our production 
is pearlitic malleable, so the regular standard wheels that othe: 
malleable companies have and which grinding wheel companies 
have brought in to use have not worked out very well on our 
castings. Our standard wheel is the N14Q treated wheel. 

We use one wheel through the entire grinding department, 
both for soft and hard iron, so that we have a wheel that is 
in between, one that gives good production in soft iron and 
also stands up fairly well in hard iron. We use the wheels down 
to 8 in. in diameter on the smaller castings. 

Mr. Henke: Is that originally a 30-in. wheel? 

Mr. Srrick: No, that is a 24x 2x 2-in. wheel originally. We 
use it down to 8 in. before discarding it. My recommendation, 
as a result of a great number of tests, is that the malleable 
foundry find the wheel most adaptable to their castings, not 
recommending any specific grade or grit 

D. TaMor:2 Have you any experience with the Do-All type 
machine for cutting off gates on small castings and, if so, have 
you any idea what the costs are? 

Mr. Strick: No, the only thing we tried was a cut-off wheel 
on some of our large castings, and it did not turn out too well, 
due to the fact that the larger heads that we had on these cast- 
ings were difficult to get at. 

P. KNop:5 What is the difference between high and low-speed 
wheels in grinding costs? 

Mr. Strick: Vitrified or low-speed wheels are much cheaper 
than high-speed resinoid or bakelite wheels. With correct grain, 
grit and hardness the one wheel will remove metal just as fast 
as the other. If you use low-speed wheels which are nearly 
solid down to a small diameter before discarding, the wheel 
cost should be less than that of the high-speed wheels because 
you discard a greater number of cubic inches of high-speed 
wheels since with a 10 or 12-in. center hole they usually are 
discarded when three and four inches outside this hole. High- 
speed wheels will grind smoother than low-speed wheels as the 
latter is usually a more open wheel which is necessary to get 
same metal removal. 

Tests have proven to me that it is possible to remove metal 
just as fast with low-speed vitrified wheels as it is with high 
speed wheels thus giving one lower costs. 

Proper horsepower motors and pressure bars have a decided 
bearing on costs whether you use a high-speed wheel or a low- 
speed vitrified wheel. Overall grinding costs of various plants 
are related to type and size of castings manufactured, size of 
gates and feeders and method of grinding. They are two 
foundries of the same company that show very little difference 
in overall grinding costs. One uses entirely low-speed vitrified 
wheels while the other uses all high-speed resinoid wheels. 

C. Mappick:4 I would like to have an expression of opinion 
on cleaning in hard iron versus soft iron. 

Mr. Strick: It is a very controversial question. How many of 
the foundries represented clean in the hard iron? (2) How many 
do not clean in the hard iron? (About 20) It seems that the 
majority of them do not clean in hard iron. As a jobbing 
foundry we clean both in hard and soft iron for reasons ex- 
plained in the paper. 

J. O. Kien: 5 You have gone into the question of grinding 
wheel costs very extensively. I also note that you are using a 
24x 2x 2-in. wheel. How do you find that that compares with 
the cost of, say, a 24 x 2x10-in. wheel? 

Mr. Strick: We use vitrified wheels as it is unsafe to use 
wheels of this make with holes larger than three inches. The 
24x 2x 10-in. wheels you speak of are high-speed wheels and 


1 Central Foundry Div., General Motors, Saginaw, Mich. 
2 American Chain & Cable Co., York, Pa. 

’ Albion Malleable Iron Co., Albion, Mich. 

* International Harvester Co., Hamilton, Ont. 

5 Texas Foundries, Inc., Lufkin, Texas. 
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as I stated in answer to Mr. Knop’s question that 
fact that high-speed wheels are much more expensive 
speed wheels, the latter is the cheaper. 

Our grinding machines are speeded up after every f 
of wheel wear to maintain proper surface feet per mi 
this is vitally necessary to keep grinding costs at a 1 


\nother manner of accomplishing the same results is " 
the wheels as they wear to other machines of high¢ S 
I'wo speeds are usually used on 24x 2x 10-in. high-sp« 
while four speeds are used on 24x 2x 2-in. wheels. | 
the low-speed vitrified 24x 2x 2-in. wheel is cheaper 
24x 2x 10-in. resinoid wheel if you can make full u 

Mr. Kiein: Some foundries claim that they can defin - 
more by using the 10-in. bore and, I think that we do. | \f 
that we are a little better off. Of course, our castings - 
ably a great deal larger castings to grind than yours. Theres Mf 


the accessibility of the larger bore wheel, the larger 
is much better for our type than the small 8 or 9-in. w} 
would Le 

Mr. Strick: Here is one thing that I found out. We 
want to kid ourselves with the thought that by increa 
speed of the wheel, we get the efficiency out of a smaller w! 
that we do from a larger one. The smaller wheel is going Mi 
around so fast with increased speed that it does not hay 
chance to cool and it loads much faster. I have found that 
castings cut more freely with the larger wheel. Where you | 
small castings, it does not make a particle of difference. 1 
grinding and contact time is such a small amount of actua i 
grinding time that a small wheel is just as good as a large on 
But for larger castings, I think you probably have the rig 
wheel. 7 

Mr. Kein: That is what we have found. ae 

J. H. LANstnc:6 In connection with the use of high-speed a t 1 
low-speed wheels, I think it has been interesting to observe 


some comparisons that have been made, that the wheel cos Me 
is generally higher with the high-speed wheels but the lal Mr 
cost is generally lower. That has been our observation in cor : lot 
nection with the operations of even such a good compariso elati 
as two foundries, two plants of the same company, where o1 vas 
plant might be grinding with high-speed wheels and would rate 
have a little higher wheel cost and the other plant might | ; 
grinding with low-speed wheels and have a lower wheel cos That 
but a higher labor cost; so there would be very little differe: sol 
between their total costs. I wonder if that checks at all wit Pree 
your experience and also with the experience of others? ur 
Another item in which I was interested and which you me se 
tioned was the pounds of metal removed per contact hi t h 
I would be interested in further comment as to the experience of nd 1 
the range within which that varied. speed 
Mr. Srrick: I think you have gone into grinding costs thor “Mr 
oughly and have a published paper that I have just had ar ntere 
opportunity of reading. It was sent to the various malleabl n th 
foundries in which you report that you have found there is steel 
very little difference in the two, the high- and low-speed griné giving 
ing wheel costs; that where one was higher in wheel cost, th esult 
production was lower, and vice versa. I had a very good oppor Mr 
tunity on a job that weighed 1734 lb. to compare both. W ut 
made thousands of them and I used the same operator on th irfac 
same stands and ran eight different types of wheels. I did m Mr 


take the contact time but I took the actual grinding time 
because, running them all equally, I did not feel that it was 
necessary to stand behind them with a stop watch to get con 
tact time. We started out grinding a box of castings weighing 
875 Ib. and when we finished, we found they weighed 805 ! 
showing 70 Ib. of metal removed. The actual grinding tm 
for the metal removed was 314 to 5 hr. on various wheels. The 
actual weight of metal removed per hour ran from 14 !b. up! 
21 ib. This plainly denoted variation of different wheels 

J. J. Wrrennarer:? When you say actual grinding ume 
you mean total grinding time, pick-up, contact, drop? 

Mr. Strick: Yes, that is actual operator’s time. 

Mr. LANSING: Do you not find that in the case of the slow 
speed wheels it is much more important to have high pressut™ 
against the wheel at grinding than in the case of the high-speee 
wheel? 


Mr. Strick: I would say that you do, but with pressur bar 


ats 
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ised for grinding castings in foundries today, a litth 

ssure does not mean much 

FULTON:® You use a 24x2x2-in. wheel. Why do vou 

width of wheel? When you speak of slow speed, are 
vitrified or a bakelite wheel 

ck: It is most confusing I know to speak of low- an 
erinding wheels. You can run any wheel at any 
wish, high or low but grinding wheel manufacturers 
the speeds that are safe for various wheels to be 

Many foundries are running their grinding wheels at 
ver speed than recommended. This is costly. Lows 
recommended for vitrified wheels 

ron: Is that what you are using 

ck: Yes 

on: Why did you pick the 24 x 2 x 2-in. wheel 

ick: Because it seemed to be more adaptable to th 

vork that we are doing. We had larger width wheels 
und that with a pressure bar, when you are grinding 
ite in the same location of the wheel, the wider the 
e more wheel you have to dress off because of the 
rn in it. We also found out that 2-in. wheels did 


for the size gates we have on our castings 
op: Mr. Lansing recently conducted a test and I was 
1e found that high-speed wheels removed 200 per cent 
ron as a low-speed wheel, and I can see no reason 
should be, when the one wheel is only 50 per cent 
the other one 
vsinc: I think there was one comparison that had been 
e time ago that showed a very substantial increas 
int of metal removed per contact-hour by the hig! 
eels as compared with the low-speed wheels. I think 
he outstanding reason for that was that pressure was 
ised. In other words, pressure bars were not being 


yop: Is that on the slow speed? 


ANSING: They were not used on either, and that made 
difference. In other words, those small castings had 
small gates, but with the slower-speed wheel, there 
ippreciable amount of time required for removing the 
the casting was shoved against the wheel, whereas 
igh-speed wheel, the gate seemed to melt right off 
not given as an average comparison, it Was just given 
sample, and the factors affecting it were explained 
a big factor and, as you pointed out, the size of 

r is a big factor, too. You mentioned, I think, in the 

e high speed comparison, that on vour stand you did 
a big enough motor to be able to crowd the wheels 


is certainly a big factor in the case of either high 


slow-speed wheels. 


Mr. Strick: It is enlightening of. late years that there is some 
being shown in grinding wheel costs for the first time 
istory of the foundry. Malleable iron, gray iron and 

el associations are now analyzing grinding wheel costs and 


heir foundries information on the subject which has 


in considerable savings and increased production 


Mr. WITENHAFER: Is it necessary to use pressure sticks when 


the right horsepower, the right speed and the prope 


speed per minute on a grinding wheel? 


Mr. S 


rick: Oh, absolutely. The man who is pushing the 


much with conside 


iron off with his body cannot do nearly as 
able more effort than the one who uses a pressure bat 


W. D. McMILLAN:® In your article you have pictures of som 


malleable chuck wheels. 1 believe they are dual wheels. I would 
like to ask, those must be wheelabrated or cleaned with shot 


Is this a cold melt foundry or is it a duplex, or duplex cupol 
air turnace 

Mr. Srrick: We have the conventional air furnace 
ing 


Mr. McMILLAN Are they cleaned with shot 


Mr. Strick: We clean them with shot in a wheelabrator 

Mr. McMILLAN: Do vou clean both the hard and the soft iron 

Mr. Srrick: In the hard iron, we tumble them in large tum 
lers to break off the fins and for inspection purposes and 
wheelabrate them in the soft iron 

R. W. PARSONS This question has nothing to do with cleat 
ing problems, but I noticed you mentioned plating o1 galvanii 


ing and I wonder if you know what sort of plating your cus 
tomers put on the malleable castings 
Mr. Srrick: I have seen malleable iron castings nickel-plate: 


galvanized and chrome-plated, also painted and enameled Vith 


| 


the modern cleaning equipment they can be cleaned more thor 
oughly in a very short period of time compared with the way 
we had to clean them in years gone by 

W. J. Keere:!1 What method do you use, other than ringing 
to locate invisible cracks? You spoke of the elaborate equip 
ment required to shear off gates from castings. When you sheat 
a gate off, do you aim to shear it close enough so it requires 


1 to save grinding time We do it 


no grinding or do you do it 
on some castings to save grinding time and find that the equip 
Mr. Strick: We try to shear it down to where it is not neces 


sary to handle them a second time. On many castings, you can 


ment required does not cost very much 


put them under a machine against a stop and shear the gate 
off, but there are many others that require fixtures. We have 
found that a change of gating was necessary on many jobs to 
shear them, and also different shearing tools. In a few instances 
we have sheared a number of castings and then handled them 
the second time, where it was necessary to grind off some part 
ing lines. I found it was costing more to handle them the second 
time than by grinding and doing the operation with one han 
dling. So I try to keep away as much as possible from shearing 
any castings where it requires an extra handling in the grinding 

Ihe technique we use to find cracks in the hard iron is by 
careful inspection, sounding them, and observation That is 
why we clean castings in the hard iron. In the soft iron, most 
of our castings go through presses for straightening. By press 
ing them the crack will show up most of the time. Most of our 
cracks I would say are caused by handling in the hard iron 

Mr. Henke: We had the same experience that Mr. Strick did 
regarding shearing and duplicating the handling for grinding 
As far as fine cracks are concerned, we have gone into magna 
flux inspection, which has proved satisfactory 

Mr. Strick: You do not do this operation on real small cast 
ings, do you? 

Mr. Henke: We do it on pearlitic castings 

Mr. Srrick: Not on the regular malleable, though 


Mr. HENKE: No 
* International Harvester (¢ Chicage 
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ABSTRACT celerator and the amount of filler affect th 
values for the properties. 





Synthetic plastic materials are finding increasing application 






in the production of patterns and coreboxes. Capable of being In making plastic patterns, the preparation of the 
cast, like some other materials used in pattern and matchplate mold is the verv heart of the whole project he 
construction, certain plastics provide the patternmaker with a 7 , s ; 

know, everything that is not in the mold will not ! 





pattern easily cleaned and finished. Cast resins machine some- 


thing like hard maple and woodworking tools may be used. in the cast part. Plaster molds are most widely used 











Advantages to the foundryman include rapid duplication of in practice. However, for certain jobs it may be more 
patterns which are wear-resistant and may be drawn readily practical to use wood, metal, rubber, or plastic molds 
snilemen It is simpler and faster to use plaster, although a cas: 
SYNTHETIC PLASTIC MATERIALS may be used in resin mold may be desirable if greater resistance to 
a variety of ways by patternmakers. By the use of breakage and chipping is desired. 
casting resins, the patternmaker can reproduce pat- A resin mold must be coated with Tygon paint \ 
terns rapidly and economically for mounting on a equivalent for without such a coating, a homogeneous 
matchplate. He may even cast in one piece a plastic unit would result when the plastic mix is poured inte 
matchplate, complete with patterns, gates and runners, the plastic mold. Hardwood naturally makes more 
the only metal parts being the frame and lugs. Large satisfactory molds than softwood, but all wood molds 
loose patterns and core boxes may be cast of plastic should be coated. 
as well as small patterns and matchplates. Plaster Mold Casting 





There are many types of plastic materials, so to 
avoid confusion or misunderstanding, this discussion 
will be limited to the processing and application of 
accelerated type liquid phenolic casting resins. The of Tygon Green Chromate Primer or equivalent and 
cast resins available today in sheet, rod, tube, and finish coat of Black Tygon paint or equivalent. 
block form, and multi-colored castings will not be While the primer is not necessary it is advisable to 
use it, if a smoother finish on the cast part is desired 
Use of the primer tends to fill out irregularities in 
porous molds, gives better adhesion, and cuts dows 
the amount of Black Tygon puint required. A ver 
light coating of wax, such as a hard automobile wax 





A plaster mold requires a coating which serves a 
a parting agent. The coating may consist of a prim 








considered. 

Instead, attention will be confined to the liquid 
phenolics which, during the past few years, have been 
welcomed into industry for many basic uses. These 
include, in addition to foundry applications, forming 














dies for both hydropress and stretchpress operation, will assure easiest parting. | 
assembly jigs and fixtures, checking fixtures, design If a mold is made from an acid-resistant metal suc! 
| and working models, plating shields, masking fixtures, as lead, no protective coating is necessary. Lead molds 
and patterns used in duplicating machines. 
Every one of these applications presents an interest- TABLE 1.—PHYSICAL PROPERTIES OF PHENOL: 
ing study from the viewpoint of increased production FORMALDEHYDE TYPE RESINS 
as well as economy. Unfilled Casting Resin with 8 Per Cent Accelerator 
Casting resins in the main, are of the phenol Seanad Deepens Valo 











formaldehyde type, and their physical properties are 









similar to those of the compression or transfer molded Shrinkage from Mold Dimension, in. per in. — 
phenolic plastics. The physical properties chart, Table Sas Serena “ Seep 12.000 
1, shows a few basic properties of casting resins. The (av vresine Soength, 

» SHOWS & ICW DASIC PTOPETUCS OF CasNg resins. + Compressive Strength, psi, (ASTM) 12,000 
figure illustrates a composite casting resin, representing Tensile Strength, psi 5, 
the average of specifications of several manufacturers. Izod Impact Strength—ft. Ib. per in. of notch, (ASTM) 0 
The resin illustrated is an unfilled material containing Water Absorption, per cent 190 

Specific Gravity ’ 











8 per cent of acid accelerator. The percentage of ac- 
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Plaster mold (left) and the original metal maste1 
pattern. Note detail in plaster mold. 


above )}—Large loose pattern mold being painted. 
below )—Patternmaker pouring molten resin in- 
to a mold. 
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are definitely the best to use on production runs. If a 
mold is made of non-acid-resistant metal, a protective 
coating must be applied. Otherwise the acid accelera 
tor will attack the metal and cause the formation of 
bubbles and porosity in the cast resin. 

Black Tygon Paint TP-21 or equivalent makes a 
satisfactory resistant coating when used as already 
mentioned. No primer should be used. Another satis 
factory coating for metal molds is 13118 Durez Varnish 
or equivalent. It may be used as received o1 diluted 
with toluol if a thinner coating is desired. ‘Two coats 
should be applied with a bake of 15 min. at 300 F 
after each coat. 


Rubber Mold Coatings 


Some resins can be cast in rubber or latex molds 
without the use of any coating material. However, 
the life of the mold is increased considerably by the 
application of a light film of lacquer or castor oil. 

A new mold material, Nuplamold, is flexible, soft, 
and softens only at a high temperature. It may be 
reused and some moderate tests have shown it capable 
of remelting fifty times. In the case of undercuts, 
Nuplamold, rubber, or latex are the only materials 
practical for molds. 

In preparing the plastic for casting, the resin and 
accelerator and filler, if used, must be weighed care- 
fully before mixing, since only a slight change in 
proportions will affect the finished product. The tem- 
perature of the mixture must be rather carefully 
controlled within a range which varies with the type 
of resin and the type and amount of accelerator. If 
the temperature goes too high the reaction between 
the resin and accelerator may begin at once and pro- 
ceed to the final stage without the assistance of addi 
tional heat. Usually, when this happens, the reaction 
goes too fast, ebullition occurs, and the resin froths 
out of the mold. 

Resin and accelerator are always mixed slowly to 
avoid bubbles. If the mixture has only a few bubbles, 
these will come out during the period the resin stands 
at room temperature before it goes in the oven to 
bake. If too many bubbles are stirred in, they will 
not escape and the result will be an inferior casting, 
full of holes where the bubbles were entrapped. 

After the mixing operation, the resin should be 
allowed to remain in the container for 10 to 15 min. 
to permit any air bubbles to rise to the surface. If a 
vacuum mixer is available, bubble-free mixtures can 
be prepared by mixing under vacuum and then stop- 
ping agitation before admitting air. 


Minimizing Porosity in Cast Resins 


By pouring a resin and accelerator mixture into a 
mold through one or more layers of an open-weave 
fabric, trapped air is removed to a large extent. The 
result is that bubbles and porosity in the hardened 
casting are greatly reduced. Of course, this would not 
be practical with resin mixes containing filler, as the 
fabric would filter out the filler. 

The mixture of resin and accelerator must be 
poured soon after mixing, 15 to 30 min. being the 
usual practice. The mixture should be poured slowly 
into the mold to prevent formation of air bubbles 
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and subsequent pores in the finished casting. 

After pouring the prepared mixture into the mold, 
baking is necessary to cure the resin and to make it 
hard and strong. The curing cycle depends on the 
volume of the resin, the amount of accelerator and 
the thickness and heat-transfer characteristics of the 
mold. As the resin sets, it becomes opaque and gela 
tinous and finally takes on a creamy appearance as 
it reaches its final hardness. The state of cure may 
be judged roughly by the appearance. 


Baking Temperature Control 

Control of temperature during baking is vitally 
important. Ovens should be checked to assure uni- 
formity of temperature throughout. Even with an 
automatically controlled oven it is good practice to 
hang a thermometer in the oven very near the cast 
ing. It should read from 138 to 142 F. Higher tem- 
perature may cause foaming. 

If the casting is soft and pliable when removed 
from the mold, it is still uncured. It must be com- 
pletely cured and hard before removing from the 
oven. After curing, the color of the resin should be 
yellow. If an orange color develops, it is an indication 
of over-cure caused by too much accelerator or too 
high a temperature. When fast baking is required 
a higher percentage of accelerator and a higher baking 
temperature are used for pieces with thin sections. 

Fillers may be added to the resin but in general 
they lower the strength of the cured plastic due to 
the formation of a weaker structure. For example, 
the addition of 20 per cent walnut shell flour reduces 
the flexural strength of a casting about 30 per cent. 
The use of a speciazi asbestos, Powminco 10AA or equiv- 
alent, materially reduces shrinkage. However, only 
small quantities can be added to the resin without en- 
countering difficulty in making a solid casting, due to 
the fluffy nature of the asbestos. The addition of 
asbestos filler also improves heat resistance and mini- 
mizes cracking due to thermal shock from rapid al- 
ternate heating and cooling. 

Shrinkage as low as 0.001 in. per in. has been ob- 
tained with a mixture containing 8 per cent accelera- 
tor to which was added 5 per cent asbestos and 3 per 
cent boric acid. The asbestos and boric acid content 
were calculated on the combined weight of the resin 
and accelerator. The boric acid was first heated 4 hr. 
at 300 F to remove the water of crystallization. 


Machining of Cast Resins 

Cast resins machine about like hard maple and, in 
general, woodworking tools may be used. However, 
if many pieces are to be machined, carbide-tipped 
tools are recommended. Data on workability and fin- 
ishing of cast resins may be obtained from standard 
handbooks and other sources. Usually very little fin- 
ishing of plastic patterns is required although some 
uneven surfaces may have to be smoothed with a file, 
scraper and sandpaper. 

Porosity or surface defects may be easily patched with 
a small amount of resin containing about 15 per cent 
accelerator. This mixture is poured into the cavity 
which has been surrounded with a dam of clay or putty. 
The clay restricts the resin to a small area around the 
hole and reduces clean-up time. 


Liouip PHENOLIC Cast) 





Fig. 4—Wood master pattern, aluminum pattern 
resin pattern, and the plaster mold of a bevel! 





Fig. 5 (above)—Match plate pattern. The oarlocks @ 
gates and runners of this pattern of cast resin. Fig 


(below )—Group of patterns made from liquid phe 
casting resins. 
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C. R. SIMMONS 


savings effected through the use of cast plastic 
rns are shown by examples of the commonest 
that of duplicating existing patterns. In on 
instance, a wood pattern costing 175 dollars was dupli 
| to meet production requirements. The duplicate 
,ade in a plaster mold in less than 24 hr. and at 
P of 25 dollars. In another case, a patternmake1 
compared the costs of duplicating a bevel gear pattern 
ring 3 lb. of aluminum alloy, 16 hr. finishing time 
three sheets of emery cloth. ‘To produce the cast 
pattern required 5 1b. of plaster, 414 hr. to mak« 


he mold and mix the resin, 134 Ib. of resin, 14 sheet 


tn 


of sandpaper and a few spoontuls of paint to coat the 
plastet mold. Additional patterns required only 134 
lb. of resin and 114 hr. time. 


DISCUSSION 


‘hairman: V. J. SEDLON, Master Pattern Co., Cleveland 

Co-Chairman: A. F, PFEIFFER, Allis-Chalmers Mfg. Co., Mil- 

waukee 

MeMBER: Have plastic core boxes been put to practical use 
in core blowing operations? 

Mr. SIMMONS: Not that I know of. When this plastic is sub- 
ected to 350° F. heat or higher, which I think you are con 
erned with, a crackle will begin to form in the material. 

MemBeR: I do not necessarily mean the drier but the core 
ox itself. What action would extreme cold have on it? 

Mr. SIMMONS: Temperature would not affect it. 

MemMBER: We have used plastic patterns and core boxes to 
some success. It is true they break very easily. That has been 
ur experience. We used them for driers. The heat does not 
iffect them. The core blowing has been successful unless you 
irop the box on a concrete floor. That will break it. But we 
have been successful with it, and we find that the sand will not 
adhere to the plastic as it will to wood or aluminum. 

Mr. SimMoONS: You do not have to lubricate the mold but 
the first few times it is used. The surface smooths off and the 
sand runs freely. 

Member: The first question asked was in regard to a blower 
core boxes. Apparently, that is a hand-rammed core box. 

MemBer: We have blown cores into plastic core boxes with 
some success. I would not say you are going to have a box that 
will have a long life, because we hape strictly a jobbing shop, 
running around 500 to a 1000 cores in one pattern. We are 
new in it, and we are working with the pattern shop, using 
anything that they produce as an experiment. 

Mr. Simmons: How long do your aluminum patterns stand 
ip under those circumstances? 

MemBer: They stand up, on the average, half the wear of 
ast iron. 

Mr. Simmons: I think you will find these will stand up even 
etter than that. They have greater abrasion resistance. 

Member: In one case we have duplicate patterns made from 
‘luminum and plastic. Our experience has been about one-half. 
[ do not know whether these higher plastic boxes are being 
heat-treated. Possibly you could improve on it, but at least it 
has been running approximately 20 per cent. 

Member: We manufacture these core boxes. We also manu- 
facture plates. In core box practice we have not really had a 
long range program where we could truly say that they will 
Tun indefinitely. We subjected them to sand blasting tests. We 
ind that, in comparison ratio tests, it will outwear aluminum 
sections three to one. There are not many plastic core boxes 
in the field today from our shop, but we know that they have 
had successful runs of more than 9,000 cores. 

We reinforce our boxes. In some cases, we metal case them. 
The only failure we have had in fracture was not by dropping 
Dut by neglecting to clear the two faces of the box. When the 
men put them together slightly open and then apply the pres- 
‘ure to the clamp, then the boxes fracture right down the 
center. That was the reason we put them into a metal frame 
ot housing with a plastic liner, and they proved successful. 

E. A. Gorrcer*: How does that apply to large core boxes? 

Memner: The largest core box that we have made was a 
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motor section. It is about 28 in. long and about I4 in. wide 
the largest piece we have had. We also make core boxes about 
1 ft. in length. We have not had any return yet 

MEMBER: What resistance does this plastic have to warpage 
when it is stored in the pattern vault for about a year and 
then brought back for re-use 

CHAIRMAN SEDLON: Did you notice the very low water absorp 
tion property of the material in Table I? You get very little 
if any, effect from it. 

Memeser: If you add any fillers outside of fiber or asbestos 
filler, you will have water absorption by that filler. The plat 
in itself may become unstable. That is one of the main reasons 
of an aluminum frame that has been incorporated in the newer 
type of plastic plate. 

[here is another reason for that warpage and that is im 
proper mixing of the catalyst to the resin. You have to have it 
thoroughly, uniformly mixed throughout the resin. Otherwis« 
the reaction of the curing in the plate itself will definitely dis 
tort it, probably not immediately but in time. I have seen plates 
that have been out in the field over a year, and they are per 
fectly straight. Then I have seen some come back that look 
like a bow. 

MEMBER: We are trying to use this material. In core boxes 
about 8 in. wide by 12 in. long we find during curing warpage 
which we would like to eliminate. We are also interested in 
shrinkage up to 0.0005 in. per in. instead of 0.0025 in. per in. 

Member: That is an engineering problem. We have had it 
and it is just a question of applying common, ordinary me- 
chanics. In some cases you have to metallize your plate or 
pattern, and sometimes you also have to reinforce it. And in 
some cases it is best to apply pressure. 

MEMBER: Do you do that before or after it has started to 
cure? 

MEMBER: As soon as you close your mold, make sure it is 
locked so it cannot give. In fact, your biggest trouble is not in 
the plastic. It is in your mold. 

MEMBER: We opened a mold where it was definitely bowed 
on each end. It was up about Yg in. We are using a resin 
plaster as a pattern and curing against it. 

Member: Your plaster gets away from the plastic, not the 
plastic away from the plaster. You check your mold and you 
will find that it is the mold that causes the trouble. 

Member: Can you pour into a sand mold? 

Mr. Simmons: No, it does not work. 

MEMBER: Mr. Simmons made the statement that plastic phe 
nolic patterns are lower in cost from 10 to 30 per cent. If that 
is the case, then does the purchasing agent not take that into 
consideration when letting out jobs to different jobbers to have 
the pattern made in plastic? 

Mr. Simmons: I gave quite a wide range. It is just as if you 
attempt to buy a pattern. You can take it to one shop and 
it will cost you a certain figure. You can take it to three others 
and get three other bids. The same thing would still be true, 
no matter who is making the plastic pattern. The approxima 
tion of a saving of from 10 to 30 per cent is feasible and 
possible. 

Member: We use a lot of plaster patterns to make guides 
How does this plastic work in regard to plaster? Does it tend 
to pick up that touch of sand which we try to eliminate to gain 
perfection of surface? 

Mr. Simmons: After it is dried and cured, the plastic will 
not touch the sand. 

Member: Would it be better than plaster itself? 

Mr. Simmons: It should be very definitely. 

CHAIRMAN SEDLON: At what temperature do you pour 
kirksite? 

MemMerr: We pour kirksite at 850 to 925° F. 

Mr. SIMMONS: You are operating above 350° F. so that pre 
cludes use of this plastic. 

CHAIRMAN SEDLON: In other words, you cannot pour kirksite 
into the plastic. 

Member: He wants to use the plastic as a pattern, not as a 
mold. 

Mr. Simmons: In that case, I would say it is all right. We 
have had the question of molten material come up. It chars 
the plastic and helps to disintegrate it. It does not burn 


1 City Pattern & Model Co. Inc., St. Louis 
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ABSTRACT 
The results of a study of some of the characteristics of acid 
electric furnace slags, together with some applications of these 
characteristics to serve as a guide for such furnace practice, are 


presented. 
Consideration is given to the correlation that might exist 


between such items as (a) slag viscosity and corresponding chemi- 
cal composition, (b) slag composition and corresponding bath 
analysis and bath temperature and (c) slag viscosity and com- 
position in relation to the bath conditions that exist at several 


stages in the course of the melting cycle. 

Some attempts at the application of slag measurements to 
the control of several steps in the process indicate 

a. That such measurements may be useful as an indication 
of the probable manganese recovery obtained; 

b. That they provide a measure (which can be incorporated 
in the form of quality control charts) to assist in directing the 
technique employed by several melters and to form a basis for 
comparison of the performance of several melting units; 

c. That they afford an excellent indication as to the progress 
of the heat and serve as a guide on how to proceed with the 


working of the heat; 
d. That there is some correlation between slag characteristics 


and the physical properties of the metal produced. 


IN THE MELTING OF STEEL there are certain cri- 
teria by which the melter can judge the condition of 
the metal during the several stages of the melting 
operation. One of the most important of these in 
basic open hearth practice is based on the appearance 
and measurements of certain properties of the slag 
as they change during the working of the heat. Much 
study has been made of this subject and slag control 
is a well understood and very useful tool in the hands 
of the melters in many basic open hearth shops. 

Previous Work in the Field of Acid Furnace Prac- 
tice. In the field of acid furnace practice (both open 
hearth and electric) the study of the slag reactions has 
received only superficial attention until recent years, 
so that slag measurements and slag control are not 
as useful tools for acid practice at the present time 
as they might be. Recently considerable work has 
been carried out in the field of acid open hearth 
practice by the Acid Open Hearth Research Associa- 
tion and many of their findings have been pub- 


lished.}. 2 
The work of Juppenlatz in the field of acid electric 
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practice, which was presented before the A.F.A 
1942.3 summarizes most of the work in this field up to 
that time and indicates the possibilities of slag contro! 
in this practice. In 1943, Bowers‘ reported on an 
application of slag measurements, particularly as ap 
plied to the control of manganese in acid electric 
furnace practice and some discussion of slag contro! 
was reported in the proceedings of the Electric Fur- 
nace Conferences of the Iron and Steel Division of 
the AIME®5-&.7 for recent years. 


Scope of Present Work. It is the authors’ purpose 
in the present paper to relate some of their experi. 
ences in attempting to measure the properties of the 
slags produced in their practice and to use these find- 
ings in the development of slag control as a factor in 
the production of electric furnace heats. 


Melting Practice. The electric melting equipment 
used consists of two batteries of furnaces, one unit 
composed of furnaces in which six tons are melted 
while in the other unit nine tons are melted. The 
metal produced is largely plain carbon and low alloy 
steel, such as the pearlitic manganese grade. 

The melting practice is conventional for this class 
of steel. The charge melts in at about 0.35 per cent 
carbon and usually is followed with ore additions to 
give a vigorous boil which reduces the carbon | 
about 0.15 per cent. In case of a soft melt, pig iron 
is added after melt down to give a boil and also t 
raise the carbon slightly. Apparently the added car 
bon reacts with the iron oxide in the bath to give 4 
boil, as it would if it had been present at melt down 

After the boil the heat is partially blocked with 
silico-manganese and then a sample is analyzed {or 
carbon, manganese, phosphorus and sulfur. While 
waiting on the carbon and manganese analyses, the 
temperature of the metal is adjusted so that the fina 
additions can be made to the heat as soon as the 
analyses are received. The slag that forms during the 
melting and boiling periods is not raked off but ’ 
“shaped” during the working of the heat so that, as far 
as possible, it has the desired characteristics when the 
heat is ready to tap. In manipulating the slag, 8 
recognized that the slag is merely an indicator of the 
condition of the metal itself. However, in controlling 
the characteristics of the slag, the characteristics 
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Fig. 1—Sketch of section through viscosimeter used 
n tests. Bore is 34 in. diameter, rather than usual 4. 


the metal are being controlled to some extent. 

Slag Sampling. For several years, it has been the 
practice to take a slag sample just before making final 
additions. This sample was poured on an iron plate 
ind when it was cooled it was broken. From the 
appearance of the slag cake, the condition of the slag 
was appraised as well as the probable recovery of 
manganese that could be obtained from the addition. 

While this has been a useful guide, need has been 
felt for a more definite measurement of the condition 
of the slag and, in this connection, the viscosimeter 
has shown itself to be a useful tool. The authors have 
ised a viscosimeter of the size and design described 
by Fitterer and used in the work of the Acid Open 
Hearth Research Association.!:2 The principal dif- 
ference between it and the one commonly used in 
basic open hearth practice (and in most of the work 
that has been published on acid electric slags) is that 
the bore is 3% in. in diameter instead of 14 in. 

The larger bore seems to be more sensitive in that 
the length of run with viscous slags is sufficient to 
allow accurate measurement, while it is seldom that 
one encounters slags so thin that they run out at the 
end. To measure the length of run, a rod graduated 
in inches, is inserted at the open end of the mold 
and the unfilled distance measured. This distance, 
subtracted from the length of the mold gives the slag 
ength for the particular test. A sketch of a cross sec- 
tion of the mold is shown in Fig. 1. 

Certain obvious precautions are observed in taking 
and pouring the samples. The spoon in which the 
sample is taken is well slagged before taking the 
sample and the sample is always taken from a spot 
about 2/3 of the distance between the door and the 
nearest electrode. Any heavy top slag is pushed away 
and the slag layer nearest the slag-metal interface is 
sampled. No time is lost in pouring the sample into 
the viscosimeter mold. 

In pouring the test, the lip of the spoon is brought 
close to the edge of the head section of the mold so 
that the head factor remains the same for all tests. 
Care is also taken to fill completely the head section 
cach time. The mold is well cleaned out after each 
test and tightly clamped to be ready for the next test. 

Changes in Slag Composition. One of the first 
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VARIATION OF SLAG VISCOSITY & ANALYSTS 
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Fig. 2—Tests results on six heats. Horizontal numbers 
indicate time of sampling: 1, at meltdown; 2, after oil 
boil; 3, after block; 4, before final additions; 5, at tap. 


concerns was to determine what slag behavior might 
be expected during the melting and refining period 
of typical heats, recognizing that the characteristics 
of heats will vary due to differences in melting stock, 
in available power, in operating conditions, etc. 

Slag samples and corresponding viscosimeter tests 
were taken at five intervals during the working of the 
heats as follows: (1) at meltdown, when practically 
all the scrap was melted and before any large ore 
(or pig) additions were made; (2) after the boil; (3) 
about 5 min. after the block of silico-manganese or 
ferro-manganese had been added; (4) before the final 
additions were added (perhaps 20 min. after (3) was 
taken); and (5) immediately before tapping. 

These time intervals seemed to mark the steps in 
the course of heats when the corresponding slag con- 
ditions are of greatest interest. Fig. 2 presents graph- 
ically the results obtained on six heats. Sets of samples 
were analyzed from some 20 heats for a background, 
but in the interests of brevity only some of the results 
are shown to indicate the range of conditions that 
may be encountered in practice. 

The differences in viscosity that may be encoun 
tered at the meltdown point from heat to heat should 
be noted. A range of viscosity from 4 in. to 18 in. 
is indicated, and while this represents quite nonuni- 
form conditions of melting stock and meltdown prac- 
tice, such conditions can occur. 

As would be expected, the SiO, and the FeO in the 
slag are the constituents that vary most, the SiO, vary- 
ing inversely and the FeO directly with the slag length 
measurement. After the boil has taken place, the FeO 
in the slag is at its highest peak, the SiO, is at its 
lowest value, and the slag viscosity value is at its 
highest peak. It is interesting that all the slags seemed 
to show almost exactly the same amounts of SiO, and 
FeO after the boil (45 per cent SiO, and 40 per cent 
FeO) although the viscosities were not in such close 
agreement. 

Examination of the results obtained from other 
heats, not included on the chart, however, show an 
expected range of 45 to 50 per cent SiO, and 30 to 
40 per cent FeO. The majority of the analyses of 
samples taken at this point fall within this range. 
During the remainder of the working of each heat, the 
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Fig. 3—Individual results of tests undertaken to deter- 

mine the relationship between slag viscosity and the 

composition of the slag itself—SiO, content of slag 

plotted against the viscosity observed. These determina- 

tions were made on a steel of medium manganese 
analysis. 
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Fig. 5—Slag SiO, content-viscosity curve described in 
Fig. 3, based on high carbon steel test results. 


several variables seem to be trying to approach equi- 
librium, which is one reason why the authors prefer 
to hold a heat in the furnace for about 20 min. after 
blocking. During this period temperature adjust- 
ments of the bath are made and carbon and man- 
ganese contents on which to base calculations for the 
final additions are secured. 

It is obvious that the amount of CaO present in the 
slag is largely determined by the amount of lime that 
is added to the slag and this, in turn, is largely a 
matter of the melter’s judgment. There seems to be 
no close correlation between the CaO content and 
the working of the slag. The authors prefer to have 
about 3 to 5 per cent CaO. The effect of the CaO 
content is discussed in somewhat more detail later in 
the paper. 

The amount of MnO present seems usually to re- 
main fairly constant throughout the working of the 
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Fig. 6—Comparison of test results represented in Fig: 
3,4 and 5 with curve given in the bulletin of OAHRA 














heats. Note that in heat No. 33720, however, the MnO 
increases very markedly after the final additions wer 
made. Probably some of the manganese addition was 
trapped in the slag. An interesting example of this 
condition was encountered when electrolytic man 
ganese (which comes in the form of thin flakes) was 
used as the source of manganese in a few heats.° 

Unless considerable precautions were taken whe! 
adding the manganese in this form, some of it woul¢ 
be trapped in the slag, giving an apparent increase 
in MnO content of from perhaps 11 per cent to |! 
per cent, while the FeO would decrease from about 
22 per cent to 16 per cent. Samples of slag taken 
from the ladle showed this relationship of MnO anc 
FeO to still hold during the pouring of the heat 
When the electrolytic manganese was added in com 
tainers so that it all got into the bath, the slag analy 
ses followed the expected pattern. 
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Figs. 7 (top) and 8—Relationship of the FeO content of 


ag to its viscosity plotted for, respectively, medium 
manganese steel and grade “B” plain carbon steel. 


Che viscosities at tap for the six heats exhibited all 
fall within the range of 4 to 9 in. This is considered 
satisfactory and an indication that the metal has 
reached a satisfactory equilibrium and is ready to tap. 

Slag Viscosity as Related to SiO,. The authors 
were interested in further determining the relation- 
ships that exist between the observed slag viscosities 
and the composition of the slags themselves. Some 
300 slag samples were taken representing the three 
analyses of grades of steel that the authors’ plant 
commonly produces, and representing all the melting 
units. In Fig. 3 the individual results correlating SiO, 
in the slag with viscosity, for medium manganese 
steel, have been plotted. The best straight line to 
represent the points was calculated by the method of 
least. squares and is represented by the equation 
10, =62.876—0.93V where SiO, is the per cent of SiO, 
n the slag and V the slag viscosity measured in inches. 

It follows that the amount of total bases (FeO— 
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Figs. 9 and 10—Respectively, SiO, content-viscosity 
curve; comparison of SiO, in slag and silicon in metal. 


MnO—CaO) will bear a reciprocal relationship to the 
SiO, content. Because the analyses do not include 
determinations of Al,O,, MgO, and other bases that 
may be present in small quantities, the scale for plot- 
ting the bases is not equivalent to the difference be 
tween the per cent of SiO, and 100 per cent, but is 
approximately as noted on the graph. Similar graphs 
were constructed from observations representing two 
grades of plain. carbon steel, grade “B” (Fig. 4) and 
a high carbon steel (Fig. 5). 

For comparison the authors have plotted the curves 
together in Fig. 6 and have included the curve for acid 
open hearth practice as given in the bulletin of that 
association.” It seems interesting that the calculated 
lines representing the three grades of steel parallel 
each other but are displaced somewhat. 

The individual points representing the medium 
manganese steel (Naco) show a grouping in the range 
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TABLE I—VALUES OBTAINED IN SLAG SAMPLING 











Coeffi- 
Sandard Deviation cient 
Grade of ~ Vis- Other of Cor- 
Steel Relationship cosity Variables (t)* relation 
(or) (r) 
Naco SiO,,—Viscosity 2.04 SiO,—2.95 .046 —.66 
Naco Bases—Viscosity 2.03 Bases—2.91 046 +.655 
Naco FeO—Viscosity 2.04 FeO—4.65 055 +.56 
Grade B SiO,—Viscosity 2.65 SiO,—3.70 113 —565 
Grade B_ Bases—Viscosity 2.65 Bases—3.99 094 44.66 
Grade B FeO—Viscosity 2.63 FeO—5.40 .094 +-.66 


* Not corrected for sample size. 





of 4 to 10 in. viscosity, while the values representing 
grade ‘‘B” heats are scattered over a somewhat greater 
range and there is a trend to viscosimeter specimens 
of longer length. Part of the answer may be that the 
Naco heats were worked and tapped somewhat hotter 
than the grade “B” heats. It will also be noted that 
the slag length measurements found in the high car- 
bon heats largely fall in the narrow range of 4 to 
6 in. These heats are melted in at about 0.30 per cent 
carbon, the carbon is reduced to about 0.10 per cent, 
and then pig iron is added to recarburize to about 
0.70 per cent carbon. The temperatures required for 
this practice are considerably higher than those used 
in the grade “B” practice, which may partially account 
for the different characteristics of the two sets of slags 
Ihe question of the effect of temperature is consid- 
ered somewhat more at length later in the discussion. 
The large carbon additions also act to bring about 
a reduction in the FeO, which in turn acts to decrease 
the length of the viscosimeter specimens. 

Attention is directed to the change in the direction 
of the line given in the Acid Open Hearth Research 
Association’s bulletin as best representing the relation 
of SiO, and viscosity, and which shows an abrupt 
change in direction at a slag length measurement of 
1114 in. The authors have few samples in the present 
data which have a slag length measurement greater 
than 12 in., but those that have do not indicate an 
abrupt change in direction such as the AOHRA found. 
Also the slope of the AOHRA line, for slag length 
measurements less than 1114 in., is considerably 
greater than it is for the steels reported in this paper. 

The AOHRA bulletin states for its curve that, 
“although quantitatively the curve is somewhat differ- 
ent from plant to plant, it may be concluded that for 
a given practice, the SiO, of the slag is indicated by 
the fluidity test.” The authors agree with this from 
observation of their own data, although their scatter 
of results, considering a large number of heats, is 
somewhat greater than previous discussions have indi- 
cated,!, 2, 3, 4 

Slag Viscosity as Related to FeO Content. It was 
previously pointed out that the FeO and the SiO, 
contents were the principal variables in the slag com- 
position and that the relationship between total bases 
and slag viscosity was the reciprocal of that between 
SiO, and viscosity. 

The relation of FeO only to the viscosity of the slag 
is shown in Fig. 7 for medium manganese steel and 
in Fig. 8 for grade “B” steel. The straight lines that 
would best represent the data were calculated by the 
method of least squares and are given on the graphs. 
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Figs. 11 (top) and 12—Comparison of FeO in slag and 
carbon content of bath, samples taken, respectively, 
immediately after melting and before final additions 








Statistical Tests of Data. The scatter of the several 
groups of data that have been discussed can be evalu 
ated best, perhaps, by calculation of the standard 
deviation, correlation coefficient and the standard 
deviation of the correlation coefficient for each grou; 
of observations. These are shown Table I. 

In making these calculations the authors considered 
the SiO,, the total bases, and the FeO respectively 4 
the independent variable (the cause), and the viscosit) 
the dependent variable (the effect) in each case. 

It will be remembered that usually the closer the 
correlation coefficient approaches +1 or —1, the mort 
nearly perfect the relationship for the variables unde! 
consideration probably is. The negative coc‘iicient 
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S10, 
found for the SiO,—viscosity relationship) indicates 


that the one variable is increasing while the othe 
variable is decreasing. The positive coefficients for the 
ther relationships indicate that the variables vary in 
the same direction. 

\ further check on the degree of correlation is to 
» found by determining the standard deviation of 
he correlation coefficient. If the value of r is greater 
than 3 times its standard deviation there are less than 
three chances in 1000 that the correlation is not real. 
In every case noted above, the tests show the correla- 
tion to be significant. 

Correlation between Slag and Bath Analyses. Some 
f the relationships that may exist between the com- 
position of the slag and that of the metal in the bath 
will be considered now. As an approach to this, there 
is a group of slag and bath samples taken as soon as 
possible after melting in (all from Grade “B” Heats). 
Fig. 9 shows the relationship between the slag viscosi- 
ties and the corresponding SiO, contents of the slag. 
\s would be expected, this is approximately a straight 
line. Fig. 10 shows fairly close agreement between 
the SiO, content of the slags and the corresponding 
silicon content of the metal. 

his relationship is of interest because it indicates 
that the viscosity test gives an indication of the silicon 
ontent of the metal, if this close relationship, as just 
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Fig. 13—Possible relationship between oxygen content 
of the bath and the FeO or SiO, content of the slag. 
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Figs. 14 (left) and 15—Effect of varying amounts of CaO 
on relationship of constituents in two types of slag 


described, always exists. As will be noted later, the 
authors feel that a measure of the silicon content of 
the bath at this time in the heat is as important as 
that of the carbon content, for the silicon must be 
reduced to a low value before the carbon is reduced, 
if quality steel is to be produced. 

The FeO in the slag presumably tends toward equi- 
librium with the carbon in the bath following the 
equation [FeO] X (C) = K, Where K = a constant. 

In Fig. 11, the FeQ—C analyses are plotted, corre- 
sponding to the SiO,-Si analyses of Fig. 10. In other 
words, the samples which were analyzed were taken 
as soon as the heat was melted in. Obviously, there 
is a very poor state of equilibrium existing between 
the FeO of the slag and the carbon of the bath at this 
point in the heat. 

On samples taken before the final additions were 
made, however, a considerably better correlation exists 
between the FeO and the carbon, as shown in Fig. 12, 
although there is still considerable scatter of the 
observations. 

It is known that a relationship may exist between 
the rate of loss of carbon at any particular time and 
the oxygen content of the steel at that time.'® Schwartz, 
in a private communication, has pointed out that 
such a relationship might be expressed by an equation: 


0.002475 2° — 0.001324 
eRe adh dt 
Cc 
Where C = Carbon content 
O = Oxygen content 


de 
and = = Rate of change of carbon content 
¢ . 
at some particular moment. 


Samples were taken from a few heats at known 
time intervals, of both the slag and the metal. Fig. 13 
indicates the relationship that might exist between 
the oxygen content of the bath (as calculated from the 
above equation) with the FeO content and the SiO, 
content of the slag. While the experiment was far 
from exhaustive, the indications are that the relation- 
ships are in the right direction and that the slag analy- 
sis may be taken as an indication of the oxygen con- 


tent of the bath. 
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Apparently slag viscosity measures the SiO, content 
of the slag, which in turn is related to the silicon 
content of the metal, together with the FeO content 
which in turn is related to the carbon and probably 
also to the oxygen in the bath. This assumes that, 
for a given practice, the manganese content of the 
bath (and the corresponding MnO content of the slag) 
together with the CaO content of the slag will be 
maintained fairly constant at the desired operating 
levels. 

Composition Relationships in the Slag. The rela- 
tionships that might exist among the principal consti- 
tuents of the slags seemed to be of importance and 
to indicate the desirability of some detailed study. 
For ease of computation, the analyses (by weight per 
cent) for a group of finishing slags from Grade “B” 
carbon heats and for a group from medium-manga- 
nese heats were circulated to mol fractions. 

It was then assumed that the CaO present would 
probably be combined with SiO, as (CaO),-SiO, and 
that probably the FeO and the MnO would be pres- 
ent as FeO-SiO, and MnO-SiO,. By simple calcula- 
tions, using the mol fractions, it was determined that 
there was a considerable excess of SiO, over that 
required to combine in the form noted. Therefore, 
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Slag Viscosity (74) 


Figs. 16 (left) and 17—Slag viscosity and Mn recovery re- 
lationship for grade “B” and medium manganese steels. 
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SLAG CONTROL IN THE ACID ELEctTRiK 


it was concluded that the FeO and MnO 
would not be free to react to carry on furth: 
burization of the metal. 

The question is frequently raised as to the mu 
of SiO, one should strike to have in the slag. Fro, 
the viewpoint just discussed, the figures indi: + 
in slags containing about 45 per cent SiO,, ther, 
usually enough SiO, to combine with the other , 
stituents and that those slags containing above 50 pe, 
cent SiO, have an ample amount present. 
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Fig. 18 (top)}-Weight per cent of MnO and FeO in slag 
plotted against manganese recovery. 
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Fig. 19—Mol fraction of MnO and FeO in slag, piottes 
against manganese recovery, showing a better | 
tion. Grade “B” steel. 
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[he authors were also interested in determining the 
widely varying amounts of CaO [or (Ca0O),- 


sO n the relationships among the other constitu- 


sts sent. Using the same two groups of data, the 
of SiO, combined to form (CaQ),-SiO, was 
d and the remaining SiO, + FeO + MnO cal- 
to equal 100 per cent. Figs. 14 and 15 show 
ationships for the slags from the two kinds of 
[here is no appreciable effect of the varying 
ts of CaO, as indicated by the fact that the 
tions fall randomly and do not group them 
iccording to the several ranges of CaO that 
rosen. 
One thing of interest is the way the analyses for 
vs from both the Grade “B” heats and from 
ico heats group themselves along the line cor- 
iding to a mol fraction of 0.15 of MnO. The 
of the MnO content is largely determined by 
ing practice, as Fitterer has also shown to be 
ise in acid open hearth practice.t Since the 
arge for the two kinds of steel is essentially the 
me, as is the working of the heats, this is easily 


Z. 


nderstood. 

There is a greater spread of SiO,—FeO values in 
practice for the Grade “B” steel than in that for 
Naco or medium manganese steel and the level 
values is different. In the case of the Grade “B” 

igs, the amount of SiO, is usually less than in the 

ise of the Naco slags. This is probably due to differ- 
ces in temperatures used in working the heats of the 


two kinds of steel. Unfortunately, accurate tempera- 


ire observations for the working of the heats involved 

not available although it is fair to make the gen- 
il observation that Naco heats were worked and 
ipped hotter than the Grade “B” heats. This is 
flected in the difference in levels of the SiO, content 
s noted. It may be following the principle that the 


lag will try to keep itself saturated with SiO, at all 


mperatures and that the higher the temperature the 


sreater the amount of SiO, required for saturation. 


Slag Viscosity as Related to Manganese Recovery. 


n the authors’ melting practice, one of the principal 
ises made of slag control is that of a guide or indi- 




















itor as to the recovery of manganese from the final 
ldition. Before calculating these additions one slag 
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Fig. 21 Relationship of SiO, content of the slag to the 


manganese recovery. A direct proportion is indicated 
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Figs. 22 (top) and 23—Control records of viscosity by 
heats, kept by two operators over the same period. 
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sample is poured into a viscosimeter and another 
onto an iron plate. The latter sample is air cooled 
until it is black, finish cooled in water, and then 
broken. From the color of the fractured section and 
the appearance of the outside of the slag cake the 
probable recovery of manganese is estimated. 

This is a fairly accurate indication but it would 
be quite convenient if the measure of the viscosity 
of the slag could be taken as a measure of manganese 
recovery. To determine whether or not this would 
be possible, the calculated manganese recovery for a 
group of Grade “B” heats and for a group of medium 
manganese heats was plotted against the viscosity of 
the slags which were taken just before the final addi- 
tions. These relationships are shown in Figs. 16 and 
17. While there is some correlation in the case of the 
Grade “B” steel, there is only random scatter in the 
case of the medium manganese steel. 

Using the data from Grade “B” heats, weight per- 
cent FeO in the slag can be plotted against the actual 
manganese recovery, as in Fig. 18, to show a fairly 
close relationship. The relationship between weight 
per cent of MnO and of manganese recovery is not 
so well defined. If mol fractions of FeO and of MnO 
are used instead of weight per cent, a better correla- 
tion is found, as shown in Fig. 19. If the (CaO),-SiO, 
is deducted, the correlation remains practically un- 
changed as shown in Fig. 20. 

As would be expected, the manganese recovery 
varies inversely as the FeO content of the slag and 
directly as the MnO content. That this is the direc- 
tion these relationships should take is indicated by 
the chemistry of the process. In the bath, FeO + Mn = 
MnO + Fe and therefore, 

(MnO) (Fe) 
(FeO) (Mn) 
Since the bath is largely (Fe), (Fe) = 1 


K, where () indicates metal constituents. 


_ (MnO) _ 
(FeO)(Mn) —” 
Now [MnO] = qa (MnO) 
and [FeO) B (FeO) Where [] indicates slag 
constituents and gq and 
8 are numerical coeffi- 
cients. 
[MnO 
the 
71 
: 1 
fFeOQ} (Mn) 
B 
ene ; q 
and if K,=K, ——s 
t 
[MnQO} . [MnO] 1 
; -K, and (Mn ——_ = 
then [FeO] (Mn) , and ( ) [FeO] eK, 


The manganese recovery also varies directly with 
the per cent SiO, in the slag, as shown in Fig. 21. Fora 
constant level of CaO content, the slope of the SiO, 
line will be about the same as the resultant lines 
obtained by combining the FeO and MnO lines. In 
other words, the expected manganese recovery of a 
heat will increase as the SiO, and MnO of the slag 
increase and as the FeO of the slag decreases. 

Now when the melter notes the appearance of a 
slag cake or measures the viscosity of a slag, he is 
determining the integrated effects of these three vari- 
ables and, as a result of experience, these observa- 
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Fig. 24—Viscosity-heats record kept by third o; 


tions become a very useful guide in calculating the 
recovery from the manganese addition. As a matte: 
of practice the authors depend almost entirely 0, 
experience gained in estimating the manganese reco) 
ery by appearance of the slag cake, using the viscosit 
measurement as a check. Using these observations 
much better manganese control is obtained than ij 
they were entirely neglected. 

Slag Viscosity as a Measure of Melter Performar 
One useful application of slag viscosity measurement; 
is that of determining to some extent the differences 
in technique between operators. To accomplish this 
the authors keep a quality control chart for ea 
operator on which is recorded the viscosity measur 
ments, as reported heat by heat. Figs. 22, 23 and 2 
show the results reported by three operators over th: 
same period. 

It will be noted that these are the type of contr 
chart adopted during the war by the Ordnance Ds 
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Fig. 25—Frequency distribution curves of slag «iscost) 
for same type of steel melted in two different units 
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H ounson, M. 1. McDonovucGu anv D. L. Raprorp 
nt and set forth in their “Steel Castings’ Qual. 
yntrol Plan.” In this scheme, four successive 
rs are plotted on the same line and their aver- 
also plotted on this line. The difference be 
maximum and minimum values is plotted at 
ttom of the page, giving a “Range” value. When 
ups (or 40 results) are plotted, the upper and 
wer control limits are calculated for the group. 
rl represent three times the standard deviation 


Dal 


the system to be operating within the limits 
nce cause, the average for each group must be 
witl these limits. The same is also true for the 
range values. 

Considering operator “A,” the control was poor 
n groups 5 and 8 but it improved and stayed 
at a fairly constant level during the rest of the period 
inder consideration. The level at which he was oper 
iting has been gradually decreasing, indicating that 
his method of operation has evidently been changing. 
{mong the heats in the first ten groups he had a num- 
ber that had a slag with a viscosity of over 10 in., 
before the final additions were made. About the time 
f{ the sixteenth group, the operators were told that 
they should operate their furnaces a little hotter and 
this change reflects itself in the change in level noted 
for the groups numbered 20 to 30. 

Now considering operator “B” (who is operating 
"ena “CG” 
it is noted that his range is somewhat more erratic 
The level of his readings 


inder the same conditions as operators “A 
than that of operator “A.” 
averages about an inch less in viscosity than that of 
\,” indicating that he probably operates the furnace 
: little hotter than “A” does. When given orders to 
perate hotter (group 16 on) it will be noted that his 
level dropped much faster than “A’s” did and he 
seemed to be operating too hot, for in groups 27-30 
t will be noted that he is returning to somewhat the 
level he had reached before he changed his practice. 
“C” seems to operate with a range about 
“B” and at a level about the same as “B’s” 
werage. The striking thing is that he operates at a 
iniform level during all the time under consideration. 
His average group values fluctuate uniformly about 
the average line for each 10 groups of 40 points, and 


Operator 


iS Great as 


the average line stays constant for all 30 groups. 
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trol of ore on pig tron additions fo lou ng meltdown 


It has been observed that this is a good picture of 
how these men actually work, so far as getting un 
formity of results is concerned. It is interesting to 
note that when the authors first started using the vis 
cosimeter and recording the results, they were much 
morg erratic than they are at present. It is believed 
that the operators now have a measure of what they 
observe when they look at a piece of slag and that 
the orderly analyses of these measurements has been 
an aid in pointing out weaknesses in individual opera- 
tion and, therefore, has been instrumental in securing 
and maintaining more uniform operation. 

One interesting corollary that has to do with the 
tabulation of the viscosity measurements is the use of 
these measurements to compare melting practices on 
different units or for different types of metal. For 
example, in Fig. 25, are shown (in the form of fre- 
quency distribution curves) the results obtained on 
two different melting units, making the same type 
of steel. It is apparent that unit A is operating under 
better control than unit B, for the distribution curve 
is more nearly approaching the ideal curve in A than 
when it is flattened out as in B. From such an indica- 
tion as this, it is possible to determine and overcome 





the weaknesses in furnace operation. 

Fig. 26 shows the distribution curves for two types 
of steel made in the same melting unit. Type A repre- 
sents the high carbon steel heats referred to earlier 
in the paper while type B is from the medium manga- 
nese steel heats. The difference may largely be as- 
cribed to differences in temperature encountered in 
working the heats, as previously described. ‘Type A op | 
eration requires a higher metal temperature before the 
addition of pig iron so that after the addition the 
metal may not be chilled too much. In any event, 
the difference is quite a marked one, which the vis- 
cosity test measures very well. 

Slag Measurements Used to Control Working of the 
Heat. One of the chief uses of slag measurements is 
that of a control in determining the working of a heat 
from the time it is melted in until it is ready to tap. 
The word control is used here in the sense that a heat 
may be caused to follow certain desired trends in the 
meltdown and refining periods and thus produce a 
specified steel in a uniform manner. 

For example, a slag sample taken at meltdown may 
show a length of from 4 to 18 in. as was shown earlier 
in the discussion (Fig. 2). If the length is short (4 in. 
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control procedure similar to that described in Fig. 27. 


for example), the operator knows that probably his 
meltdown power input was such that it produced 
excessive temperatures which reduced silica from the 
banks, giving a high residual silicon in the bath. This 
has been shown to be the case in Fig. 10. 

It is as necessary to reduce the silicon to a fairly low 
value as it is to reduce the carbon to the desired 
minimum. Consequently, knowing the carbon levei, 
the operator is in a position to know whether to add 
pig iron to get the carbon high enough so that he can 
add ore to get the desired action necessary to reduce 
the silicon or whether he can proceed at once with 
the ore addition and reduce both carbon and silicon 
simultaneously. Likewise, if the slag length at melt- 
down is long, indicating a high FeO content, the 
operator knows that he should immediately add pig 
iron to the bath and thus reduce the FeO content 
before he proceeds with the heat. 

This principle is shown schematically by Locke® as 
applied to his practice, and his graph is reproduced 
in Fig. 27. It should be noted that the curve used 
does not represent the relationship between carbon 
and slag length (or FeO) but is a purely empirical 
curve to show the furnace practice to be followed, so 
far as pig iron and ore additions are concerned. ‘The 
authors have adopted a somewhat similar scheme 
which is shown in Fig. 28. 

The merit of such control procedure is that in this 
way the slag condition is adjusted throughout tlie 
working of the heat so that the heat works properly 
and is in the desired condition when the final addi- 
tions are to be made. During the working period 
small adjustments in the characteristics of the slag 
are made by the addition of burnt lime, sand and 
finely powdered ferro-silicon and ferro-manganese. 

Correlation between Tensile Properties of the Steel 
Produced and Slag Viscosity. It is generally recog- 
nized that melting practice has a marked influence 
over the physica] properties of the steel produced. 
Since the slag chaiacteristics are a measure of some of 
the variables that may be present in the making of 
heats, the authors were interested in determining if 
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there is any correlation between tensile prop 
the steel produced (assuming the heat trea 
be uniform) and slag characteristics, as mea 
the slag viscosity. 

An exhaustive study along this line has 1 
made but Fig. 29 shows the relationships bet, 
viscosity of the slag just before the final addit 
added and the relative number of tensile tes 
the heats under consideration that have fa 
elongation and/or reduction of area on the fir 
men tested. Obviously many more heats ar 
sented in the range of 5 to 10 in. slag leng: 
are represented by the extreme lengths. To m 
somewhat this difference, heats were grouped, 
cated (escpecially for the range 12 to 15 in.) s 
give this point a little more weight. 

While the conclusions drawn from such a 
must be very general in nature, they follow the ex. 
pected pattern. That is, heats worked so as to 
with a viscous slag usually have had consideral 
residual silicon which tends to give poor sonims a 
therefore low ductility. ‘Those worked to end 
a fluid slag will have a high FeO and will tend | 
have porosity in both test bars and castings. 

The authors try to have a slag length of 5 to 10 iy 
before making final additions, feeling that this repr 
sents the condition of the metal that will give 
best results so far as castings and tensile tests 
concerned. 

Summary.—This discussion has tried to show som 








of the possibilities of the use of slag control as an aid 


in the production of steel by the acid electric process 
The use of the viscosimeter as a measure of th: 


characteristics of the slag has been discussed, and 
consideration given to the correlation that might exist 


between such items as: 
a. The slag viscosity and its chemical compositio! 


b. The slag viscosity and composition as related 


conditions existing at steps in the melting cycle; 

c. The slag composition and corresponding bat! 
analysis; and 

d. The slag composition and bath temperature 
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Some practical applications of slag measurements to 
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\trol of several steps in the process indicate: 
(hat a combination of the use of visual exami- 
and slag viscosity measurements provides a 
ndication of the manganese recovery to be ob- 
from the final addition of manganese; 


hat the orderly tabulation and analysis of 
fi viscosity measurements (in the form of quality 
| charts) can be made a useful tool in directing 
hnique employed by the several melters. Like- 
is also a useful tool for comparing the per- 
ce of several melting units. The term “final” 
ty measurement is used to mean the measure- 
f the slag sample taken just before the final 
yns are made to the bath. 
[hat the use of slag measurements throughout 
the working of a heat may be a useful guide on how 
ceed with the heat. Especially is this true at 
ginning of the working period, when a con- 
tion of the melt-in carbon and slag character- 
vill indicate what procedure to use. 


d. That there is some correlation between slag 
haracteristics and the resulting physical properties of 
the metal produced and that, for best operation, the 
slag should be shaped up to have a viscosity that falls 
within certain limits before the final additions are 
nade and the heat tapped. 
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DISCUSSION 


Chairman: C. H. Loric, Battelle Memorial Institute, Colum 

bus, Ohio 

Co-Chairman: E. C. Troy, Dodge Steel Co., Philadelphia 

R. W. Tuomas': Were the points which were shown on the 
quality control curve (Fig. 24) the slag viscosity values as actually 
found? Did you plot the viscosity as you went on with your 
heat? 

Mr. JoHNsON: Those points were viscosity readings before 
the melter made the final additions. The melter did not know 
we were going to use these readings, and on the report form 
for each heat, he recorded the viscosity before he made the 
additions. We took those readings and plotted them 

J. K. McBroom?: Does anyone have information on work of a 
similar nature applying to basic slag? Has anyone tried to check 
basic slag viscosities against carbon content or any other prop 
erty of the metal? 

Cuas. Locke*: I can refer you to a lengthy bibliography 
which I think would help you in your basic slag practice. ‘This 
work was introduced by the open hearth metallurgists on basic 
slag work and if you search back for many years in the technical 
journals you will find numerous references. Some of these are 
as follows: 
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J. B. Catne*: My question refers to the relationship between 
iron oxide in the slag and slag viscosity. I am more interested 
in iron oxide in the slag than anything else from the control 
angle. The range that you have at any individual slag viscosity 
(Fig. 7 and 8) is about equal to the total range over-all slag 
From a control viewpoint, if you had a slag viscosity 


Viscosity. 
the individual points range from about 9 


of, let us say, 8 in., 
27 per cent iron oxide, and that is about equal to the 


to about 
Could I use slag viscosity as a method of control 


total range 
of iron oxide or tell what the iron oxide is from slag viscosity? 

Mr. Jounson: I do not think you can. 

Mr. Caine: I agree. I do not see how you possibly could 
there have been some statements made in past literature say 
ing that you could, and would you say that Fig. 7 and 8 would 
be more or less proof that you could not? 

Mr. JOHNSON: Yes, I would say that you cannot predict o1 
control iron oxide from the slag viscosity. When you measure 
slag viscosity, you have integrated the SiOso, plus MnO, plus 
CaO, plus FeO, and while the FeO and the SiO» are practically 
reciprocals of the other, yet these other constituents come in, 
so they do influence the basic side more than they influence the 
acid side. Your correlation coefficient between FeO and _ slag 
viscosity, and SiO». and slag viscosity shows that you have a 


much poorer relationship for the FeO than for the SiO» rela 


tionship 

Mr. Locke: I seem to remember some work that Mr. Caine 
did on partition constants at various stages of the relationship 
between the iron oxide in the slag and iron oxide in the 
bath. I think he will admit that there is a rough correlation, 
because the chemical determination of the FeO in 


and we fail 
try to correlate it 


the slag is usually not too accurate as we 
with viscosity. But still, from what I remember he pointed out, 
there is something that can be used. 

Me. Caine: When I determined the partition constant be- 
tween iron oxide in the slag and that in the metal, they were 
both run analytically in the laboratory. There was no viscosity 
factor entering into either factor. What I am trying to get at 
here is that there is no relationship between any one single 
element, other than SiO» and viscosity. In other words, if I 
wanted to control the iron oxide in the slag, I could not control 
it by means of viscosity, even though I will agree that the read- 
ing that you get is useful. The range of iron oxide at each 
viscosity is too great to say that a given Viscosity corresponds 
to a certain iron oxide content. 

Mr. Locke: My question, Mr. Johnson, is about that portion 
of your melting where you finish and then hold for equilibrium. 
I noticed that your silica in the slag is not increased as it 
would occur with us if we held. Is that done with power on 


or power off: 


4 Sawbrook Steel Castings Co., Wyoming, Ohi 


MR 


amount of power on. 


Co-CHAIRMAN Troy: 


SLAG CONTROL IN THE ACID ELECTRIC | 





JOHNSON: It is done on the C-tap, with 








A test is only as good as the s 


it is apparently a difficult job to get a good sample 
otf an electric furnace, particularly a small electric fu 
that the melte: 


experience in viscosity 


has shown us 


careful in selecting his slag sample. 
Chis relationship between slag and m¢ 
very useful if it is used properly, as I think the ey 
shown so far, though I think we have to avoid the 
going too far with it and expecting too much 
be no good evidence that we have any true equilib: 


( 


SIMS”: 


tionships between slag and metal. 


evidence 


very 


indicates 


that we never 
so that partition constants would not apply 


In fact, 


do get a 


th 
tru 


I} 


e 


c 


1eTEe 


act 


equ 


very a 


\ recent paper by Urban and Derge* points out 


clearly. 


It refers to basic practice and they were 


the refining period, where they had a reduced slag 


bit 


the 


of the evi 
relationship of an equilibrium character between the 


metal. 


oxide, it 


reverse 


will 


flow of 


lence 


feed 


oxygen. 
This discussion about the relationship between FeO 


they accumulated 


iron oxide 


indicates 


e metal, b 


ut 


her 


In other words, when the slag is very hig! 
to th 
he slag can never deoxidize 


the 


of the slag and viscosity seems to have been a little bit 
by some of the facts that have been brought out 
direct relationship between SiO» content and the viscosi 
could not expect a direct relationship between FeO 
viscosity, but there would have to be a relationship 


we 


total basic 


oxides, that 


is, FeO, MnO, and CaO. 


We co 


If tl 






have a relationship between FeO and viscosity when MnO 
ant. But the plot presented showi 


CaO are 


relationship between FeO in the slag and the carbo 


held 


const 


metal did not look like any sort of a correlation to me 
of the fact a curve was drawn through the points 

again shows the type of relation between the slag and thx 
itself and apparently we can regard the slag mainly as a reser 
and a supplier of oxygen to the steel during the boil 
there is considerable turbulence, there is a rapid int 
or a rapid flow of oxygen from the slag to the steel 
seems that we never get the reverse transfer. 
CHAIRMAN Loric: In Fig. 29 the authors show a relatio 


between viscosity 


of unsatisfactory 
Have you made any analysis of the steel t 


mine what the factors are which cause the steels to have uns 


sideration 


factory tensile properties? Is it the 
poor inclusion distribution? 

Mr. JOHNSON: Tests out of heats 
higher viscosity are very likely to 


result 


where 


of 


the 


I 


} 
I 


before final additions and the relative 1 
tensile tests of steel from the heats under « 


unsound 


S 


be unsound 


lag 
ags 


due 


t 


VW 


Samples from heats with the lower viscosity are very lik 
in the metal. 
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THERMOCHEMICAL ANALYSIS 
OF 
COMBUSTION IN A CUPOLA 


By 
H. Edward Flanders. 
Salt Lake City, Utah * 


{BSTRACT 

idy of the thermochemical reactions in a cupola, based on 
simplifying assumptions, has resulted in the formulation 
yuations by which the heat of combustion and maximum 
n temperature may be calculated. These equations 
veloped after a large number of calculations of these 
es were made, and conform with the calculated data with 
nable degree of accuracy. It is possible, through the use 

i equations, to immediately estimate the relative effect of 
r of blast air, or of removal of moisture from the blast, 
heat of reaction or the maximum temperature attainable. 
ssumption that the gas analysis in the cupola is quickly 
to near 6 per cent CO,, the effectiveness of these condi- 
treatments can be appreciated. While the maximum com- 
temperature is never reached in cupola operatior., this 
iture represents the relative potential from which heat is 
and is an indication of the effectiveness of the operation. 
be remembered that combustion temperature is depend- 
y on the conditions of reaction and not on the quantity 
used. When temperature is too low an infinite amount of 


ill not melt iron. 


THE CUPOLA is recognized as the most economi- 
al furnace used for melting iron. This arises from the 
intimate admixture of fuel and charge which pro- 
motes a highly efficient heat transfer. It so happens 
that but little has been written about the conditions 
xisting within the cupola, while much has been 
written about the general features of its operation as 
these aflect economy and quality of product. A “Hand- 
book of Cupola Operation” has been published by the 
\merican Foundrymen’s Association and should be 
tudied by those interested. 

The difficulty of getting pertinent data with which 
to analyze the conditions within an operating cupola 
ire quite apparent. Temperatures are almost impos- 
sible of measurement and gas sampling is very uncer- 
tain. Yet with these handicaps it is possible, with 

iger data, to approximate the conditions existing 
irough the application of thermochemical reasoning 
lirected toward the estimation of heat of combustion, 

contents of combustion gases, and maximum 
mbustion temperatures. Such a treatment, based 
rtain simplifying assumptions, is the purpose of 


paper. 
. ciate Professor of Metallurgy, University of Utah. For- 
\ssistant Chairman of Metallurgy Department, Armour 
, ch Foundation, Chicago, Illinois. 





Thermochemical Analysis 
a Gene ral 
The primary chemical reaction which produces 
heat in the cupola is the burning of coke to carbon 
dioxide and carbon monoxide. The percentage com 
position of these gases in the combustion products at 
the various levels in a cupola has received but little 
attention. Thompson and Becker,’ Fugo and Thomp 
son,? Massari, Massari and Lindsay,* and Vial,° ® have 
studied the subject Cirectly The works of Bone, 
Reeve and Saunders’ and of Richards®* are directly 
applicable, although these were done primarily for 
other purposes. Of the various contributions, the 
author considers those of F. K. Vial of the most value. 
The importance of the gas composition in the dif 
ferent portions of the cupola can only be realized if 
one appreciates the temperature limitations which 
these compositions dictate. For instance, a high per- 
centage of carbon monoxide does not allow the exist- 
ence of a high temperature. That such a percentage 
of carbon monoxide exists just above the combustion 
zone is part of the subject of this paper. Strauss, at 
the Buffalo annual meeting of the American Foundry- 
men’s Association in 1944, in a general discussion, re- 
ported that only 3 to 5 per cent carbon dioxide was 
present a short distance above the tuyeres. 


II. Thermochemical Calculations 

In order to calculate the thermochemical quantities 
involved in a study of cupola combustion, certain as- 
sumptions were made. 

1. Fuel was considered to be pure carbon. While 
coke consists of carbon, ash, sulphur, moisture, etc., 
these impurities were treated as extra burden. Any 
heat coming from the combustion of sulphur was 
neglected, but would partially compensate for any 
error arising from the basic premise. One pound mol 
(12 lb) of carbon was the unit for calculation. The 
unit of heat is the Btu. 

2. The combustion zone was isolated for special 
study and coke entering this zone was assumed to have 
been preheated to 3000 F. and to contain 14,600 Btus. 
This temperature is an approximation of that prob- 
ably existing just above this zone. It is unlikely that 
the coke reaches the existent flame temperature be- 
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COMBUSTION IN 





fore entering the region of near approach 
brium between carbon monoxide and carbo; 
3. Drv air was assumed to consist of 2] 


TABLE | [THERMOCHEMICAL REACTIONS TAKING 
PLACE IN A CUPOLA 





— ene eee O, and 79 per cent Ny by volume. Moist 
1 C (75 4. = C (3000°F.) eee treated as having been diluted in oxygen 
3 Cio : Cr : - 174600 ven with the water acting as an additional 
4 C + CO, = 2CO 70200 oxygen. 
: he 0 rd _ aes at t. The full heat of reaction at ordinary 
ture was used to heat the combustion pr 








that temperature at which the heat contents 


Pasi + HEAT CONTENTS OF GASES AT DIFFERENT equal to the heat of reaction. This gave t! 
> ’ ? ‘ ( 4 ° ° 
['EMPERATURES om Paken R. C. HECK mum theoretical combustion temperature d 
3TU'S PER MOL. a 
as Im. 








5. Dissociation of the gaseous compounds 



























Temperature Gases 
“oF °R “O. N. HO CO CO _=—H from combustion has been ignored. Any diss 
—— eer “errr would reduce the temperature obtainable fr: 

140 600 423 418 481 547 419 416 ‘ ‘ aie “a : . 

440 900 2546 2520 2940 3550 2528 2505 bustion. Dissociation is quite extensive at th 

740 1200 4885 4676 5518 6913 4704 4608 temperatures when CO, is the chief con 
1040 1500 7279 6905 8236 10538 6900 6727 resent 
1340 1800 9749 9214 11099 14362 9309 8873 ee : 
1640 2100 12279 11596 14114 18330 11721 11065 A number of reactions taking place in a cup 
1940 2400 14848) 1403117272) 22406 14188 13500 listed in Table 1. Heat content data for the \ 
2240 2700 17453 816511 20555 26570 16696 15588 é 
2540 3000 20091 19028 23951 30803 19239 17931 gases present were selected from R. C. H. Hex 
2840 = 3300 22759 = 21575-27449 = 35091 = 21809 =. 20320 are given in Table 2. Equations for the heat . 
3140 3600 25454 24146 31039 39243 24399 22754 Rong aaa oe ie 
3440 3000 28179 26737 34704 «43709 »«27007/~=—«25229 of these gases, calculated by the me thod o 
3740 4200 30928 29345 38430 48190 29630 27740 squares, are given in Table 3. Specific heat equatior 
404( 4500 33701 31967 42210 52614 32267 30283 = 

40 5 33 5 »/ : 220 32Z20/ IULSS aw « ; Ys = 

: woe : — + . ~ may also be found in the Handbook of Cupola O; 

4340 4800 36501 34601 46043 57063 34915 32858 ie aggpe so ahr, 
4640 5100 39325 37246 49919 61539 37573 35459 tion, page 351. The specific heat of carbon was tak 








Cp (carbon) = 1.2 + 0.0050T-0.00000127 
The heat content of carbon at 3000 F was calculat 

from this equation. The reference temperature in the 
work of Heck is 75 F at which the heat content is zer 







TABLE 3.—HEAT CONTENTS OF GASES GIVEN IN TABLE 
2 SUMMARIZED BY METHOD OF LEAST SQUARES 



























meena : a In making these calculations, 12 Ib. of carbon o1 

Gas Heat Content Equation 24 lb. mol has been burned to give various proportions 
Na -4050 + 7.094T + 0.0001976T? of carbon dioxide and carbon monoxide. Followi 
O. 4195 + 7.400T + 0.0002240T? the convention of Massari and Lindsay:* 
H, 3540 + 6.483T + 0.0002283T? of CC Fie at 
CO; —6530 + 11.142T + 0.0004434T? — 7o COr eitiaiia t, 
CO —4135 + 7.210T + 0.0001907T? iy 2 a eee os oe 
HO —4650 + 7.868T + 0.0005563T? % CO. + % CO 

) - /Q 














TABLE 4.—CALCULATED MIxTuRES OF BLAST AIR AND COMBUSTION PRODUCTS FOR 
SEVERAL STAGES OF COMBUSTION AND MOISTURE CONTENTS 











Combustion Air Combustion Products 































HO Mols of Mols of Chemical Analysis by Volume, P* 

N, Per cent O» N» H,O CO, co N2 H, CO, co N, H 
0.00 0.0 0.5 1.88 0.00 1.00 1.88 - 0.00 34.7 65.3 

0.20 0.0 0.6 2.26 0.20 0.80 2.26 — 6.14 24.5 69.3 

0.40 0.0 0.7 2.63 0.40 0.60 2.63 -—— 11.00 16.5 72.5 

0.60 0.0 0.8 3.01 0.60 0.40 3.01 - 15.00 10.0 75.0 

0.80 0.0 0.9 3.39 0.80 0.20 3.39 — 18.30 4.6 77.1 

1.00 0.0 1.0 3.76 1.00 0.00 3.76 — 21.00 00.0 79.0 

0.00 2.0 0.477 1.79 0.046 0.00 1.00 1.79 0.045 0.00 35.3 63.1 

0.20 2.0 0.572 2.15 0.056 0.20 0.80 2.15 0.056 6.42 24.9 67.3 

0.40 2.0 0.667 2.51 0.065 0.40 0.60 2.51 0.065 11.20 16.8 70.2 1.8 
0.60 2.0 0.763 2.87 0.074 0.60 0.40 2.87 0.074 15.2 10.1 72.8 
0.80 2.0 0.858 3.23 0.083 0.80 0.20 3.23 0.083 18.5 4.6 75.0 

1.00 2.0 0.954 3.59 0.093 1.00 0.00 3.59 0.093 21.2 0.0 76.7 

0:00 4.0 0.455 1.7 0.090 0.00 1.00 1.71 0.090 35.7 35.7 61.1 

0.20 4.0 0.546 2.05 0.108 0.20 0.80 2.05 0.108 25.3 25.3 65.0 

0.40 4.0 0.637 2.39 0.126 0.40 0.60 2.39 0.126 17.0 17.0 68.1 

0.60 4.0 0.728 2.74 0.144 0.60 0.40 2.74 0.144 10.3 10.3 70.6 

0.80 4.0 0.819 3.08 0.162 0.80 0.20 3.08 0.162 4.7 4.7 72.6 

1.00 4.0 0.910 3.42 0.181 1.00 0.00 3.42 0.181 0.0 0.0 74.4 

0.00 6.0 0.434 1.63 0.132 0.00 1.00 1.63 0.132 0.0 35.9 59.3 

0.20 6.0 0.521 1.96 0.158 0.20 0.80 1.96 0.158 6.3 25.4 63.2 A 
0.40 6.0 0.608 2.29 0.185 0.40 0.60 2.29 0.185 11.4 17.1 66.2 

0.60 6.0 0.695 2.61 0.211 0.60 0.40 2.61 0.211 15.5 10.4 68.7 

0.80 6.0 0.782 2.94 0.237 0.80 0.20 2.94 0.237 18.9 4.7 70.6 

1.00 6.0 0.866 3.26 0.264 1.00 0.00 3.26 0.264 21.8 0.0 12.3 9.8 

wd 
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[he arbitrary values for 
cted for study were 0.00, 0.20. 0.40. 0.60. 0.80 


to carbon dioxide. 


). A sufficiently complete picture of the general 
nships was obtained by plotting the results of 
x calculations for any arbitrary set of conditions 
spect to temperature of preheating or moisture 
t of the blast air. The necessary oxygen, nitro 
d water vapor and the corresponding combus 


yducts were calculated in the following manner 
x be the fraction of moist air which is wate 
and J-x the fraction which is oxygen and nitro 
[he total oxygen can then be obtained by add 
at from each source, 


0.50x + 0.21 (l—x 
Total O, — 
0.29x + 0.21 


One mav then write directly that 


mols N, 0.79 (1—x) 
mols oO, ~ 0.29x + 0.21 
mols H,O x 
mols O. 0.29x +- 0.21 
5 N, is the fraction of carbon which is burned to 


CO. and 1-N. that fraction which is burned to CO, 


0.79 (1 X) 
N, > mols of No used in 


0.29x + 0.21 air which burns 


carbon to COs. 
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Fig. 2—Effect of preheat and moisture content of blast 


air of maximum theoretical combustion temperature. 


and 


mols of No used 


in air which burns 
carbon to CO. 


9 0.29x + 0.2] 
Summing 
| +. NN. 0.79 (1—x) 

— mols of No, 
9 ) 9 . . 
2 0.29 + 0.21 used in air 
burning one 
molofcarbon. 


Likewise, the mols of H,O in the air and also of H, 
in the cupola gas, per mol of carbon burned, is 
1+N, x 


v\ 


a hee 
The mixtures of combustion air and corresponding 
combustion products were calculated by these equa- 
tions and are given for several moisture contents and 
stages of combustion in Table 4. 

The quantities of heat contained in the combustion 
air at the time of entry into the cupola were calculated 
from the number of mols of the different gases present 
as determined from the above equations. Several 
stages of preheating were taken. The total heats of 
combustion were found by adding the heat contents 
of the combustion air, the heat content of carbon, the 
prorated heats of combustion of carbon to carbon 
monoxide and carbon dioxide, and subtracting the 
heat of dissociation of water vapor. The flame temp- 
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TABLE 5 
DIFFERENT 


MOISTURI 


HEATs OF COMBUSTION OF CARBON, IN BTu’s WITH AIR HAVING 


CONTENTS 


COMBUSTION IN 4 ¢ 


AND PREHEAT ‘TEMPERATURES 























































Temperatures, 


N Per cent 75 140 140 740 1040 1340 

0.00 00 66800 67800 72840 78040 83430 89000 

0.20 0.0 912780 97480 98530 104760 111230 117920 

0.40 0.0 115760 117460 124210 131490 139040 146840 

0.60 0.0 140240 141840 149900 158220 166850 175770 

0.80 0.0 164720 166520 175590 184950 194650 204690 

1.00 0.0 189200 191200 201380 211680 222460 233610 

0.00 20 61100 62080 67000 72080 77350 82800 

0.20 2.0 84440 85610 91490 97610 103930 110470 

0.40 20 107780 109140 116030 123140 130520 138150 

0.60 20 131110 132670 140540 148670 157090 165820 

0.80 0) 154460 156210 165070 174210 183690 193510 

1.00 20 177800 179770 189590 199750 210180 221180 

0.00 10 55700 56650 61460 66430 71570 76910 

0.20 $( 77960 79100 84870 900810 97000 103400 

0.40 LO 100220 101560 108300 115230 122440 129900 

0.60 $0) 122480 123990 131690 139630 147870 156400 

0.80 $0 144740 146450 155110 164040 173310 182910 

1.00 10) 167000 168900 178510 188440 19 3740 209400 

0.00 6.0 SO580 51520 56270 61170 66260 71540 

0.20 6.0 71810 72940 78640 84520 90630 96960 l 
0.40 6.0 93050 94370 101020 107890 115020 122400 1 
0.60 6.0 114270 115780 123380 131230 139370 147810 

0.80 6.0 135510 137200 145750 154580 163750 173250 18 
1.00 6.0 156740 158620 168120 177930 188110 198670 20 
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MAXIMUM COMBUSTION 
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CONTENTS AND PREHEAT 











DP EMPERATURE °F WHEN CARBON Is BURNED 


LE MPFRATURES 
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0.00 
0.20 
0.40 
0.00 
O.S0 

1.00 
0.00 
0.20 
0.40 
0.60 
OSU 
1.00 
0.00 
0.20 
0.40 
0.00 
O80 
1.00 
0.00 
0.20 
0.40 
0.60 
O.SO 
1.00 
























1.0, 


OO 
00 
0.0 
0.0 
OW 
0.0 
20 
20 
20 
20 
2.0 
2.0 
4.0 
10 
4.0 
10 
10 
10 
6.0 
6.0 
6.0 
6.0 
6.0 





S018 
3454 
3780 
4030 
4222 
4378 
2825 
3271 
359? 
3839 
4040 
$201 
2609 
3088 
3420 
3000 
3867 
4028 
2432 
2885 
3217 
3465 
3600 
3828 


140 
3055 
3495 
3870 
4070 
$262 
4421 
2862 
3316 
3634 
3879 
4082 
4241 
2675 
3126 
3400 
3710 
3908 
4070 
2467 
2923 
3959) 
3509 
3707 


3867 


440 
3257 
3739 
44)29 
4276 
4472 
4633 
30066 
3514 
3843 
JOSS 
4293 
4451 
2872 
3332 
3662 
3918 
4117 
4276 
2670 
3125 
3457 
3712 
3912 
4070 


Preheat Temperature, “I 


740 1040 1340 

3450 3671 3902 1] 
3914 4135 4352 | 
4240 4460 4683 1915 
4490 4708 4936 

4688 4910 

4848 

3272 3484 4156 

3720 3933 449] | 
4051 4267 4476 } 
4298 4523 4952 } 
4503 4726 

4665 4888 

3080 3294 3511 374 
3542 3754 3974 $203 
3864 4090 4318 $538 
4122 4342 4569 $N( 
4330 4547 477 301 
4490 4710 4936 

2880 3092 3215 

3335 3550 3769 3994 
3667 3803 4106 $544 
3924 4141 4367 + 
4121 4342 4565 ! 
+282 4502 4730 19 
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and the slopes are given in Table 7. 
differ in a regular manner for the curves in Fig. 1, 
but the corresponding lines are almost parallel in 
For all practical purposes, when the limited 
temperatures usually used for preheating of the air 
for cupola combustion are considered, the linear re- 


erature was then calculated by finding, graphically, 
the temperature at which the sum of the heat contents 
of the combustion gases was equal to the heat of re- 
The results of several values of Nv, several 


moisture contents, and several stages of preheating are 
shown in Figs. | and 2, and the data are given numer- 
ically in Table 5 for the heat of combustion and in 
Table 6 for the maximum flame temperature. 

Ihe lines in Figs | and 2 are approximately linear 
These slopes 





lationship is sufficient. For those conditions of con 
bustion in which preheating approaches 1800 F second 
degree equations might be used with profit. 

The heat of combustion of carbon in Btu as a fu! 
tion of Nv is given by the linear equation: 

H 66800 -+- 124200 N, 

A similar non-linear equation for the maximut 

flame temperature, °F, is 
I'm = 3030 + 2200 N, — 864 N,°- 

With these equations, and the information ¢ 
the effects of preheating and moisture contents on 
heat of combustion and flame temperature, cx] 
sions for the calculation of these quantities 
condition of combustion, temperature of p! 
or moisture content were assembled under the 4 
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yn that the several effects are additive when in Taste 7.—EsTiMATED Stopes OF Lines TREATED AS 
ation. The resulting formulae are: LINEAR IN Fics. | AND 2. 
— H = 66800 124200N,.. + (17.4 + 17.3N Slop . Lit — 
(t 73) (772 7ION Q Maximum Combustion 
] 030 2901 N SO4IN 0.7] Heat of Reaction Btus Temperature ~ F 
(t—75) — (27.6—2.0N,) g Preheat H.O Content Preheat HO Content 
. . . N, ver “I grain/ft r“t grain/ft§ 
se equations the terms have the following sig- Pe e.. = s. ( DF oo Mud — _ 
‘ 0.00 17.37 772 0.719 27.6 
: 0.20 20.84 Q?8 0.69 27.60 
H heat of reaction in Btu per pound 0.40 24.31 1082 0.705 279 
‘ »7 7 ; 7 dS. 
moi of carbon 0.00 21.49 1238 0.704 9.9 
, ’ 0.80 31.26 1392 0.709 26.1 
N fraction of carbon burned to CO, 1.00 34.73 1546 O717 26.0 
{ == preheat temperature in °F. Increment 
. . of Slope 17.3 775 0.00 2.0 
I maximum combustion temperature 
in °F. 
g grains of water per cubic foot of be drawn. In terms of percentage, improvement by 
blast air. preheating or detriment by moisture content is very 


. marked. That a large fraction of the total heat be 
[hese equations have been checked throughout ' : 5 eo € total hi : 


above this critical temperature is essential for efh- 


inge covered in Tables 5 and 6 and found to : va 
: : cient operation. Data given later indicate that temp- 
quite closely with the values given. Water 
9 eratures above those represented by N 0.20 do 
up to 6 per cent, or 21 grains per cubic foot, 
. eg not exist generally in the cupola except in those few 
ilmost linear in its effect on combustion tempera : ; 
' nm inches just above the tuyeres where there is combus 
All other curves in Figs. | and 2 are concave ; ey 
' tion to high carbon dioxide content and immediate 
‘ f 


: os . . reduction of the carbon dioxide to carbon monoxide. 
[here 1s a critical te mperature in cupola operation : ‘ = - xide 


— n ir 


Figure 3, taken from Trinks,** illustrates the relative 


h corresponds to that propounded by Johnson ™! 


+ the blast furnace. This was estimated at 2700 F effectiveness of additional temperature in increasing 
the excess heat content in the combustion gases the rate of heat transfer by radiation 
this level is given in Table 8. It is from this | 


rve that heat for melting and superheating must Equilibrium Requirements 


Ihe equilibrium curve for the reaction C + CO, 
























































3—Effect of temperature upon heat transmitted - 2CO was taken from a summary by Chipman 10 
by unit temperature difference. and is given in Fig. 4. At high temperatures (above 
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Fig. 6—Decomposition pressure of CaCO, in 


pheres. 
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Fig. 4—Equilibrium relationship for reaction 2 GO 
C + CO, when combustion is with dry arr. 
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Fig. 7—Analysis of combustion gases as coke bed ¥ 
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Fig. 10—Relation between cupola production and 
coke used in hot and cold blast cupolas. 


1600 F) the reaction is essentially complete toward 
the right. In the combustion zone the only reason 
for incompleteness is the lack of time. Clement, 
Adams and Haskins ** have studied the reaction rate 
at somewhat lower temperatures and with small pieces 
of coke, but their data was used to extrapolate the re 
action rate into the temperature region of interest. 
This is given in Fig. 5. With such an extrapolation, 
the curves are only indicative of the high rate exist- 
ing. The reduction of carbon dioxide to carbon 
monoxide by the carbon is well recognized as a part 
of the mechanism of blast furnace combustion with 
the carbon dioxide entirely disappearing within a 
short distance from the tuyeres. In gas producers the 
same action occurs at a slower rate due to the lower 
temperature existing. 

At low temperatures, the reaction proceeds toward 
the left. Bone, Reeve and Saunders’? have studied 
this low temperature reaction particularly with re 
spect to its catalysis with carbon of various forms, 
iron ores, and other constituents of a blast furnace 
charge. The reaction takes place between 1300 F. and 
500 F with the optimum rate at about 850 F. This 
deposition of carbon is one of the chief sources of fuel 
economy in blast furnace operation. 

Another reaction which takes place in a cupola is 
the decomposition of limestone. The equilibrium 
pressure of carbon dioxide was taken from the Inter- 
national Critical Tables ** and plotted in Fig. 6. It 
is quite likely that most of the limestone decomposes 
at temperatures at which the carbon dioxide will 
react with carbon to given carbon monoxide. Any car- 
bon dioxide which does not do this will go into the 
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RESERVE HEAT CONTENTS OF COMBUSTION GASES ABOVE 2700° F (3160° R) Bruw’s 


COMBUSTION IN 
























Preheat Temperature °F 




















Heat 
Ny H,O, Content - — _ 
Per cent at 2700°F 75 140 440 740 1040 
0.00 0.0 59200 7600 8600 13660 18840 24230 — 
0.20 0.0 69200 22080 23280 29330 35560 42030 
0.40 0.0 79400 36360 37760 44810 52090 59640 
0.60 0.0 89500 50740 52340 60400 68720 77350 
0.00 2.0 58200 2900 3880 8800 13580 19150 ’ 
0.20 2.0 68100 16340 17510 23390 29510 35830 
0.40 2.0 78100 29680 31040 37930 45040 52420 
3 0.60 2.0 88100 43010 44670 52440 60570 28990 
0.00 4.0 57300 - 1600 —650 4160 9130 14270 
0.20 4.0 67200 10760 11900 17670 23610 29800 
0.40 4.0 76900 23320 24660 31400 38330 45540 
0.60 4.0 86700 35780 37290 44990 52930 61170 
0.00 6.0 57000 6420 — 5480 — 830 4170 9260 
0.20 6.0 66700 5110 6240 11940 17820 23930 
0.40 6.0 76500 16550 17870 24520 31390 38520 150K 
0.60 6.0 86200 28070 29500 37180 45030 53170 




















carbon deposition zone and inhibit the reaction by 
partial satisfaction of equilibrium conditions. That 
portion of carbon dioxide which does react with car- 
bon increases the concentration of this carbon mon- 
oxide, thus requiring a more extensive low tempera- 
[Chere is, then, in addition to the heat 
(735 


ture reaction. 
required for decomposition of the limestone 
Btu/lb.) an additional quantity of heat lost which 
must be charged to this reaction due to the inhibi- 
tion of carbon deposition in the cool portion of the 


stack. 


Experimental Work 
Some experimental work was done in a No. | Whit- 
ing cupola. This was directed toward the analysis of 
the cupola gases as coke was burned and also as the 
cupola was operated normally. The results of two 
coke burning tests are summarized in Figs. 7 and 8. 
Similar results were found during the operation of 

















this cupola, but the results were quite erratic. |; 
was shown that, after a long period between charges 
a carbon dioxide content of three per cent quick] 
became 12 per cent when another charge was added 
but that the carbon dioxide content would gradual) 
get lower and become three per cent as the charge by 








came heated. 

Through the courtesy of F. K. Vial, Fig. 9 is pr 
sented as his conception of conditions within a cu 
pola. The figure is based on a number of coke bum 
ing tests and other data accumulated from operating 
cupolas during his studies of preheating of the blast 
air. Mr. Vial also gave the author permission to us 
some data accumulated by the Association of Manu 
facturers of Chilled Car Wheels, and which covered 











Fig. 11—Maximum theoretical combustion temper 
ture in various parts of cupola based on calculatior 
from gas contents; also, estimated actual temperatui 
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- ons, operating items, composition of product, 
ther preheating was used. Statistical analysis 
data showed that the taller cupolas were, in 
more economical. Preheating is definitely 
il as shown in Fig. 10 


General Discussion 


i on the above calculations and data, one may 
to outline the mechanism and conditions of 
operation. 
harging a cupola in the usual manner, a me- 
il relationship of the charged materials, coke, 
nd flux, is set up. While this same relation- 
repeated in the charging during the period of 
on, it is doubtful whether the initial condi- 
ist above the tuyeres can be assumed to remain 
cupola has run for a time. 
Consider the coke bed. Charged initiaily to 50 to 
70 in. above the tuyeres it is crushed to a considerable 
ree by the stack burden. On starting, there is an 
rval of time before metal begins to accumulate 
n the well and the coke consumed in this period has 
removed largely from the bed. One or more 
s per minute covering this interval can be sub- 
| from the original height of the bed and a 50- 
ved becomes at most a 30-in. bed by the time melt- 
x has begun. Melting begins rather slowly and the 
rate is not reached for a further interval and the 
i may be considered to approximate 25-in. under 
ry favorable circumstances. 
But iron only melts as fast as heat is absorbed at 
melting point, and the melting point of different 
wrtions of a mixed charge varies widely. The sur- 
face to volume ratio is of great importance. As these 


eces become exposed to gases at temperatures above 
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their melting point, heat is absorbed at a rate com 
mensurate with the temperature difference and the 
area exposed. Low melting parts tend to melt first 
and at somewhat higher positions in the stack. Highe: 
melting constituents must penetrate to higher temp 
erature levels before they will melt at the rate charged 
and large pieces must be heated from still higher 
temperature sources. The extraction of heat to melt 
high melting materials chills the gases and lowe 
temperature potentials remain to melt the lower melt 
ing items higher in the stack. This tends to localize 
the melting zone and reduce the extent of scattering 
created by differences in fusion temperature and parti- 
cle size. 

In Fig. 11 there has been drawn a temperature 
curve which represents the maximum _ theoretical 
temperature in the cupola. It is calculated from gas 
analyses as summarized by the carbon dioxide con 
tent curve. Ihe region of very high temperature is 
very short and exists between the section containing 
oxygen and the region of reduction of CO, by carbon. 
[he location of this highest temperature zone may 
vary and may be considered to be changed with wind 
velocity, type of coke and other factors. The rapid 
drop of temperature, as the carbon dioxide is re 
duced, limits the location of rapid melting to within 
a short distance and since superheating must take 
place after melting, this must be accomplished rap 
idly. ‘There is a rather long region in which the 
maximum theoretical temperature is fairly uniform 
due to a rather constant gas analysis throughout the 


cupola. 


Fig. 12—Estimated temperatures conditions in cupola 
when burning coke with 600° F. preheated air. 
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Fig. 13—Estimated temperature conditions in cupola 
when burning coke with 13.3 grains of water per cu. 
ft. of air. 


While the theoretical temperature curve is drawn 
for the full height of the cupola, with an attempt to 
correct proportionally for the temperature of the 
carbon, an estimate of the actual temperature of the 
combustion gases, consisting largely of carbon mon- 
oxide and nitrogen, would show considerable drop 
with their exit from the stack at somewhat over 500 
F. Such a curve is approximated in Fig. 11. It is im- 
portant that the temperature of this gas be as high as 
is practicable so that preheating of the charge pre- 
paratory to melting will be done before the metal 
reaches the melting zone. 

By drawing similar curves for the conditions of 600 
F preheat and of 4 per cent (13.3 grams per cubic 
foot) of water vapor, one may get an idea of the im- 
portance of these temperature relationships in a cu- 
pola. This was attempted in Fig. 12 and 13. 

Only under the most adverse conditions will there 
fail to be a zone in which sufficient temperature exists 
with which to melt iron. This zone will be extended 
by preheating and shortened by moisture. In cases 
where the temperature of the gases is not much above 
the critical temperature of 2700 F, iron must melt in 
the oxidizing zone of high carbon dioxide content and 
there will be but little time for superheating. Cold, 
oxidized iron must result with its attendant problems 
in the foundry. 

The data show that preheating can overcome the 
detriment of moisture content on temperature, but 
this does not mean that the other detrimental effects 
of moisture are removed. The effect of moisture on 
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castings has been quite extensively discussed, but th 
paper by Eash and Smith ** is of particular merit. 

Economy in coke is probably linked with carbon 
deposition as in a blast furnace. This was indicated 
by the changes in gas analysis found before and after 
individual charges, as well as the statistical analysis 
which showed that cupolas with about twenty feet 
between tuyeres and charging door were, in general, 
more economical than shorter cupolas. The severe 
channeling of the gases, where haphazard charging 
practices are used, largely prevents the economy whic! 
might come from a proper appreciation and applica- 
tion of these cupola reactions. 













Conclusions 





From this general study of cupola reactions, the 
following conclusions have been drawn: 

1. Throughout the major portion of the cupola 
the carbon dioxide content is quite low, probably less 
than 6 per cent. In case this is not so, the coke bed is 
too shallow to permit reduction to carbon monoxide 
and the iron is melting under oxidizing conditions. 

2. In order to provide sufficient temperature in the 
cupola gases to melt rapidly and under suitable con- 
ditions, preheating the air and removal of the mois 
ture from the air are very important. 

3. Preheating of the blast may compensate for th 
heat loss due to moisture but cannot remove the ef 
fects of hydrogen on the castings. 

4. Temperature of the cupola gases is dependent 
only on the conditions attending combustion and not 
on the amount of coke used. When conditions tavor 
able to high temperature exist, coke economy results. 

5. The driving power of a cupola, like that of 3 
blast furnace, is dependent on having a large propor 
tion of the heat content of the combustion gases above 
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operating temperature level which is arbi- 
osen as 2700 F. This requires a high operat- 
perature as reserve heat and excess tempera 
directly related. 
is quite likely that coke economy in a cu- 
that in a blast furnace, is largely dependent 
mn deposition in the cooler (less than 1300 F) 
; of the charge. Cupolas should have sufficient 
etween tuyeres and charging doors to pro- 
s action. 
he decomposition of limestone liberates car- 
xide which either inhibits some of the reverse 
by partially satisfying equilibrium condi- 
reacts with carbon to increase the amount of 
monoxide which must decompose. In poorly 
1 short cupolas, much of the calcining of 
ne may take place near the melting zone, thus 

3 an extraction of heat which should be used 

final preheating. 

8 Preheating of blast air is definitely beneficial 
<lucing coke economy. The same may be said 
espect to the removal of moisture although no 

t data are given. 

9, Equations have been developed for the calcula- 

mn of heat contents of combustion gases and maxi- 

) combustion temperatures. From these one may 

ite the relative temperatures and heat contents 

f the combustion gases which will result from various 

treatments. 

10. It is the author’s intention to extend this 
method of calculation of heat of reaction and maxi- 
mum combustion temperature to cover conditions at- 
tending combustion in a blast furnace and, if possible, 
in an open hearth. 
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Chairman: B. P. Mutcany, Consultant, Indianapolis 
Co-Chairman: H. W. Stuart, U. S. Pipe & Foundry Co., Bur 
lington, N. | 
W. R. JAESCHKI 
flame temperatures, would you not think that that would be an 


From the importance the author places on 


advantageous test to add to the coke specifications 

Mr. FLANveRS: I am not sure that the differences in the 
quality of coke as presented by “Survey of Foundry Coke Cha 
acteristics” by D. E. Krause and H. H. Lownie, Jr., of Battelle 
has a great effect on the difference in flame temperature. There 
may be some reason for a difference of effective temperature 
at the melting zone due to the fact that the COg reaction with 
carbon does not take place quite as completely in the non- 
reactive cokes as with the reactive cokes, but the rate of reaction 
at these high temperatures is very rapid. There is a figure in 
the paper which indicates what the rate may be as extrapolated 
from data reported by the Bureau of Standards. In the tem 
perature range of 3000 to 4000° F., or even at 5000 to 5500° F., 
as is attained when carbon is burned to a high percentage of 
COs, the rate of reaction is so rapid that it may not be possible 
to make accurate tests. I doubt whether any precise measure 
ments of the rate of reaction can be made easily. While my 
opinion is that such an additional test probably would not show 
much difference in temperature, I would say, however, that such 
a study of cupola coke should give valuable information. 

Member: Figure 8 shows a high percentage of carbon monox- 
ide in the relatively shallow bed of coke. In other words, 
when you get down to 15- and 20-in. beds, you have a high 
percentage of carbon monoxide. Now with the very deep bed 
it is easy to understand high carbon monoxide percentages 
because of the possible conversion of COg to CO by the upper 
parts of the bed. I would like to have your opinion as to why 
there is such a large percentage of carbon monoxide on a very 
thin bed where you cannot have that solution effect above? 

Mr. FLANpDER: Our actual results occurred when we were 
burning the coke bed down in the cupola and we were in the 
region of 15 or 12 in., or even lower, when we had the high CO» 
content. At a distance just a few inches above, there was still 
very low CO, content. In other words, the distance between 
a high percentage of CO, and the low percentage of COs, as 
you come up above the tuyeres is very short. There are two 
figures in the paper—one blowing 750 cfm. and another blowing 
400 cfm. Several other tests were made with carefully sized 
coke, the larger woke raises the level of the low COs, content 
somewhat, but not markedly. In other words, with a high wind 
velocity and the larger coke, the higher CO» reaches up a littl 
further into the cupola stack. 

Since the rate of reaction is extremely rapid, with small coke, 
of the order of one-half centimeter, as was used by Clement, 
Adams & Haskins” the distance from COs, to practically com 
plete CO is very short indeed 
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D. E. Krause*: I would like to ask how the gas samples were. 
Were they taken at the charging door or with a probe of some 
kind? 

Mr. FLANpeRS: Sampling was done at the charging door with 
a double cone attached to the end of a 14-in. monel metal tube 
The design of the double cone, about 114 in. in diameter with 
8% in. space between, was such as to partially prevent dirty entry 
into the tube. A monel metal tube was chosen so that oxida- 
tion would not be so severe and give a partial oxidation of CO 
to COs. The position of the sampler was about two feet below 
the charging door with constant movement to get approximately 
average samples 

Analysis was done with a Ranarex, continuous flow, indicat 
ing unit which was checked as rapidly as possible with an Orsat 
apparatus. It as found in the No. | Whiting Cupola that the 
position was not very important when simply burning coke 
The cupola was fairly tall and the gases had some chance to 
mix as they rose from the coke bed to the charging doot 

J. T. MacKenzte*: Is this statement correct that when you 
used 750 cfm. you had 114 to 2 in. of coke and with 400 cfm 
you had 2 to 21% in. of coke? Did you try the variation in 
blast pressure with the same size coke? 

Mr. FLANpers: Dr. MacKenzie asked whether or not we had 
used a uniform coke with different wind volumes. This was 
the case. With carefully sized coke within the dimensions given 
a number of tests were made. The two cases chosen for presenta- 
tion are representative of the conditions found. However, | 
shall put another figure (Fig. 14) in the discussion to cover 
Dr. MacKenzie’s question. 

Dr. MacKenzie: I think it would add to the paper. 
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Fig. 14 


C. R. HotzwortH*: Would you recommend the extension of 
the zone of CO, by setting up conditions that will make it 
higher? That is, would you recommend the use of the second 
row of tuyeres for that purpose? 

? Battelle Memorial Institute, Columbus, Ohio 


* American Cast Iron Pipe Co., Birmingham 
* Tonawanda Iron, North Tonawanda, N. Y 











COMBUSTION IN 





Mr. FLANDERS: As I understood, the question 
recommend the extension of the zone of COs b 
conditions so that it will be higher? I rather think 
temperature could be made high even when the ( 
high, melting can take place under the conditions 
CO content or, in other words, a reducing atmos; 
is one of the most ideal atmosphere in which to m« 
iron. The high COs region can then be used for t! 
of the iron as it trickles down through the hig! 
region to give a better product. There is always 
region and it cannot be avoided. If it could, I ra 
would be a good thing to do. Since it is there ar 
to use it, I think it ought to be used for the supx 
the iron rather than the melting. When it is us 
melting there is no location below it at which su 
can take place. 

Dr. MACKENZIE: Some tests in another paper by | 
seemed to show conclusively that putting a little w 
tuyeres of the cupola did boost the temperature fo) 
being. It was reported during the war that they 
a litthe water in the booster for power on the plat 
warski tried to explain that by an increase in the 
of heat from the steam in the hot gas. I do not kn 
that is true or not or whether the author's figures a 
but it certainly does not check with the figures o1 
moisture in the blast. It was long thought that cup 

ae 


better on a rainy day than they did on a dry day 
tion still seems moot. 

Mr. FLANpeRsS: I doubt very much whether it is for 
pose of increasing the temperature. It may have 
to do with the rate of heat transfer. Hydrogen do« 
heat much faster than any other gas. It has a low 
weight and high molecular velocity. 

In experimentation on a blast furnace it was 
the blast furnace operated best with approximately | 9 
of water per cubic foot. Whether or not this is true in 
I would not say. Certainly, theoretically, it cannot 
temperature. In the radiation formula, when the 
are ideal, the exponent is 4. For the gases, the exp 
closer to 2.8. It may be that the exponent is raised slig 
when hydrogen is present, and this would overcome 
of somewhat reduced temperature resulting from w 

Here is a subject for definite and accurate experime! 
to get the radiation coefficient of the gases of differer 
tion, and I think probably this will ultimately be t! 
of such results, should they be true. There is mm 
known about the complex conditions existing in « 


bustion to go far in estimation or guessing. 

Mr. FLANDERS (author’s closure): The questions and 
shown are greatly appreciated. 

The mechanism of heat transfer in a cupola is a ve 
cult one to understand, and the analysis of the various 
sions or data about the effect of water vapor on 
operation must await the acquisition of more informa! 
may be said with certainty that the introduction of wate! 
does reduce the temperature of combustion as well as th 
able heat above any chosen critical temperature levé 
the compensating effects are will not be discussed furth« 

Water vapor, especially when high, is generally rej 
give a poorer product, and H. A. Schwartz has taken out pal 
covering the products (malleable iron) resulting from its cont 
He gives data showing the relationship between wate! 
content of the blast air and the hydrogen content of the 
and shows its effects on malleablizing. The graphit« 
make a natural reservoir for the accumulation of any hycrog 
that may be present in gray iron, and it may not be 
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in reducing quality as in malleable iron or steel. But 
experience with piston rings and the work of Eash Sn 
indicate that it is important even in this respect. 
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It is the general thought of the author that, wi 
for sufficient temperature, any reasonable coke can 
cessfully as fuel. If, for instance, the combustion of coke to carbo! 
monoxide takes place under such conditions that the temperal 
produced will melt and superheat iron sufficiently to give !¢ qUé 
ity and proper fluidity for pouring, the importance o! 
as coke reactivity, combustibili*, etc., may be ver 
duced. There are two primary functions of coke he 
porosity. If the most adverse condition of comb: give 


he se 















eat, then stack porosity becomes of prime importance 
tant might be the subject of some experimentation 
ie stated in his discussion of the paper by Krauss 
e that a mixed coke size, indicating a relatively 

s favorable 
re two definite ways | 
xide may be made to yield sufficient temperature 
reheating and oxygen enrichment Ihe cost of 
such as to make it a questionable competitor with 
The effect of preheating is given in the paper 

is a brief calculation of oxygen enrichment 
ions of the amount of oxygen necessary to enricl 
wet air to any desired total percentage « 


f oxygen can 
y means of the following equations 


all 
0.79 x 0.21 

all 
0.29 y 0.79 x + 021 

Vhere Od of oxygen in dry air 
Ow of oxygen in moist air 
x fraction of the enriched air which is added 
as oxygen 

‘ fraction of enriched air which is water 


vapor 


ime basis of calculation as is given in the pape 
the following table result. 
ombustion temperatures will be somewhat highe1 


ecause of the incomplete reduction of CO» to CO 


ombustion zone. The cost of the oxygen to mak 
ment per ton of coke (90 carbon) at 20 cents pet 
feet is given in Table A. The COs content of the 
ses is assumed to be 12 . Water vapor will have 


re tive effect as in the paper 





by which the combustion to 
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TaBLe A—CALCULATED COMBUSTION TEMPERATURES WHEN Dry 
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It seems strange that the fuel wasted in the cupola stack 
cannot be put to economical use in preheating apparatus and 


thus circumvent the necessity for elaborate coke preparation 
and relieve a serious coke problem for cupola operators 

At the request of Dy MacKenzie there is also included 
another figure (Fig. 14) dealing with the combustion of coke 
and showing, by comparison with Fig. 7 in the paper, the effect 
of wind velocity on the height of the combustion zone in a 
cupola 

In further answer to Mr. Holzworth’'s question, I would like 
to recommend the balanced draft mechanism which is being 
sponsored by the Whiting Corporation. Apparently, in spite 
of the history of failure with the method, recent control has 
become such that this method works. The principle is that of 
maintaining a relatively high CO» content of the combustion 
gases by introducing, in a carefully controlled manner, more air 
at or above the combustion zone so that the zone of reduction 
is partially eliminated. In this way a high COs», content gas 
having a relatively high temperature, approaches the melting 
zone. Excellent records are claimed for this method. It still 
leaves the opportunity for the use of waste gases in preheating 
and still further economies than those claimed 
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MECHANIZED FOUNDRY DESIGN 





AND OPERATING PHASES 


By C. O. Bartlett M 
Vice President and Director of Sales ttel 
The C. O. Bartlett & Snow Co. 
Cleveland 


DESIGN AND OPERATION of mechanized foundries 
embrace many factors. Our observations will be con- 





Mold conveyor (above) jointed to flex in vertical as 
well as horizontal plane, thus permitting cars to move 
up and down slopes to accommodate various levels. 


Four-wheel mold conveyor cars (below) supported tn- 
dividually and with tops lapping over onto trucks. 
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fined, however, only to a few major phases 
general subject of foundry mechanization. 

Gray iron foundries, numerically, seem to constity; gS 
the largest group currently interested in mechanizatio; 
or modernization, hence much of this paper 1 
specifically to that kind of foundry operation. As au 
motive foundries, because of their high production 
repetitive work, offer many outstanding exai 
complete mechanization, frequent reference is mad 
text and illustrations to the layouts of and equipn 
installed in such foundries. 

Chis should not be interpreted as a lack of interes 
in the smaller, the jobbing, the steel, the malleable o ivan 
the non-ferrous foundries. Most of the observatio: 
moreover, are sufficiently general to apply to all ty rhe 
and sizes of foundries. Many an operating or equipme: 
sequence, perfected in some foundry through years 
trial and error, will have ready application, with | 
little further development, in another foundry 


Mechanized Loop the to’ 


A so-called mechanized loop consists essentially of 3 ymbi 
line of molding machines, mold conveyors, shakeouts the co 
a conveyor system for returning, screening and storing be 48 
shakeout sand; mullers, and a conveyor system for dis bucket 
tributing prepared sand to molders’ overhead hopper It st 

Such loops are never identical in any two foundries perat 
and a final layout is agreed upon only after mam the ori 
compromises. No two engineers will make exactly the if cast 

liltin 
Conveyor cars with overlapping tops (below) sup hakeo 
ported by single, radial action axle, two wheels each t cast 
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proach to a new installation layout and seldom 
select the same location for the sand plants, 
ts, conveyors and other units. In no case is it 
sible to select, say, catalog layout No. 32, book 
and say “that is it.” 
M hours are spent over the drafting board in an 
to arrive at a layout that will conform to re- 
nts, that can be fitted into the buildings and 
ice allocated, and that can be expected to func- 
isfactorily under the many different operating 
ns that prevail in most foundries. 
deal mechanized foundry has yet to be designed 
Many valid objections can be raised to almost 
yout. Columns, whether in new or old build- 
s, have a habit of interfering with preferred loca- 
_ ns for molding machines, shakeouts, sand plants 
nveyors. Column footings, location too fre- 
unknown, seem always to upset the plans a 
man may prefer. Roof trusses are generally too 
the ideal location of the prepared sand distrib- 
nits or for the ideal size or shape of molders’ 
Floor space must be reserved for trucking 
\lready located cupolas, casting cleaning equip- 
ind rooms for core making frequently dictate in 
vance the only possible location for the loop. 


Equipment Funds 

lhe amount of money available has a material effect 

iny layout or design. Although money has hardly 

5G na limiting factor during the recent war years, the 
itter of first cost is again with us, and rightfully so. 
tis well to realize, however, that the combined cost of 
ngineering and installation represents a large part of 

total cost of mechanized foundry equipment. This 

of a mbined cost will remain reasonably constant whether 


yuts the conveyors be 20 or 30 in. wide, whether a screen 
ring be 48 or 60 in. in diameter or whether an elevator has 
dis uckets 10x6 in. or 16x8 in. in size. 

Des It should be kept in mind that foundry practices or 
ries perations are frequently changed during the service of 
1an\ the original equipment. Changes in production or class 
the ft castings or flasks or molding machines frequently 


lilting top type of mold conveyor car (below) facilitates 
hakeout on snap flask work. Car tops may be made 
ach f cast iron, steel plates, or gravity-roll equipment. 
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mean that the units must handle sand at a rate that may 
be 50 to 100 per cent greater than originally intended 

Today, uncertain deliveries of essential parts is a 
compromise factor that can be eliminated only in time. 
Industrial foundry engineers originate or develop 
overall layout plans and design, detail, fabricate and 
install conveyor units, storage bins, screens, dust col 
lecting and ventilating equipment. None of these units 
can function as a whole, however, until such long 
delivery items as motors, speed reducers, pulleys, idlers, 
chain and belting have been shipped and installed. 
Current demands for steel indicate that the tonnage of 
shapes and plates available for foundry mechanization 
will remain uncertain, at least for some time to come 





Terminal (above) rectangular type mold conveyor. All 
cars are shuttled around entire track, the transfer car 
at other end being used for return to molding side. 


Hydraulic or air operated piston drive (below) for 
slow speeds and intermittent operations. Piston drives 
are also used on the rectangular type mold conveyors. 
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Drawing of Another Mechanized Loop Layout. 
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Revolving cylindrical screen provides excellent lump- 
breaking action and can be designed for considerable 
cooling of the screened sand. Location is important. 


Nevertheless, more and more foundries, particularly 
those handling gray iron, are being mechanized or 
modernized. Many former employees are loathe to 
return unless working conditions are improved over 
those prevailing during the 1930's. Partial or complete 
mechanization offers one method by which working 
conditions can be greatly improved and productivity 
maintained at an increased rate without changes in 
rates of pay. More uniformity in casting quality and 
lower scrap losses will result from improvements in 
sand conditioning, from pouring of hotter metal, and 
from the increased orderliness that will prevail 
throughout the foundry. 


Molding Machines 

Mechanization in a foundry starts with moldmaking 
facilities. Hence, arrangement and operations of mold- 
ing machines and slingers must be considered as in- 
tegral with the layout and operations of all other me- 
chanical equipment. Flask sizes, and molding machine 
production rates, establish the sizes and capacities of all 
other units. 

Molding machine operators and helpers, under suit- 
able conditions, will maintain, day-in and day-out, an 
average production of some 100 medium sized flasks 
per hour per pair of jolt-squeeze-strip machines, or of 
some 60 to 80 larger sized flasks involving roll-over 
operations. Neither time nor motion can be wasted 
around such machines. It is well to remember that, in 
connection with such production, some 20 to 50 tons of 
flasks and sand must be handled or lifted during each 
shift by the machine operators and their helpers. 

Molders, helpers and core setters should be provided, 
then, with the best of equipment and facilities to assist 
them, in every possible way to maintain uniformly 
high rates of production. Such equipment includes jib 





or bridge cranes with air hoists; bails that are light j) 
weight and not tricky; flask trunnions, handles and 
pins designed for quick, smooth operation; accessib] 
air valves; full air pressure at all times for all services 
conveniently arranged overhead sand hoppers; floor 
gratings for removal of strike-off and spill sand, and a 
steady return of empty flasks. 

High-speed molders may be considered as machine 
operators rather than craftsmen, but as their working 
conditions improve with clean floors, good lighting 
fresh air and ample working space, and as their aux 
iliary equipment is improved through careful study and 
coordination their production will increase. 

The arrangement and productive capacity of mold 
ing machine and slinger set-ups is of prime importance 
to sand-plant engineers. Decisions must be reached 
these points before the design and arrangement of mold 
conveyors, shakeouts, return flask conveyors, and the 
entire sand plant with conveyors. Actually, no phase 
foundry work can be regarded as an isolated operatior 
when layouts are being prepared for complete mecha 
nization. All phases must be coordinated to functior 
smoothly and in an orderly manner when operating 
full rates of casting production. 

An example of the full value of complete coordina 
tion of all units, extending from the cupolas to t 
shipping dock, is a recently equipped gray iron foun 
dry in which inspected, ready-to-ship castings are loaded 
into box cars 11% hr after the iron leaves the cupola 


Mold Conveyors 


Rammed flasks are set out, cored, closed and poured 
on either gravity rolls or a continuous, car-type mola 
conveyor. The use of a car-type mold conveyor localize 
and speeds up pouring, centralizes the cooling ane 
shakeout zones, and simplifies ventilation. The co 
veyor speed is set in accordance with the predetermine 
rate of molding machine production. Once operating * 
that speed, whether 6 or 30 ft per min, empty cars #* 
an obvious indication of lost production. 


Such a conveyor is truly one of the best yardsticks! 
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arrangement of the 
sandhandling plant is de 
ined by the location of the 
lers. If mullers are located 
the foundry 
level (top) 


. 








operating 
, the building 
f line must be raised to accom- 

te them. All bonding ma- 


and sea coal must be ele- 


for storage in bins or bags 
working platform around 


mullers. If the mullers are 
1 at or below the foundry 
line (center and right) , pits 


e constructed accordingly. 























552 


controlling and accurately measuring the productivity 
of molders. Such facilities provide for the better stand- 
ardization of work throughout the foundry and enable 
the establishment of more accurate job ratings. Any car- 
type mold conveyor represents a dollar-savings invest- 
ment worthy of careful analysis. 


Determining Car Top Size 

The size of the car top is determined by the size and 
the number of flasks to be handled on one car. The 
overall, or “center-to-center,” length of cars is fixed by 
the shape and size of the tops and the allowable mini- 
mum radius of curvature in the track. Although the 
speed is set by the rate of production, the time required 
for the cooling of poured flasks is an important factor 
which affects the conveyor length. 

The shape, width and length of such conveyor is 
always subject to the space required for proper set- 
ting and operation of molding machines, floor area 
available, and the location of building columns. It fol- 
lows that identical layouts or designs of mold conveyors 
are not to be found in different foundries; each is 
tailor-made to suit individual foundry conditions. 

When the cars making up a mold conveyor are joined 
with universal chain, the conveyor will flex in the 
vertical as well as in the horizontal plane, thus permit- 
ting cars to move up and down slopes. The car tops 
should be at a convenient level for setting out drags. 
The conveyor track declines before passing in front of 
the cope machines to provide the same relative height 
for setting copes and closing. The track then declines to 
near floor level to reduce the height of flasks for pour- 
ing. Once poured, the entire conveyor is dropped com- 
pletely below floorline to provide clear floor space. 
Another arrangement of these up-and-down mold con- 
veyors raises the conveyor at the shakeout point, thus 
minimizing the depth of the customary shakeout pit, 

Construction of mold conveyor cars and tops varies 
with the nature of the work and as new designs may be 
developed. Each top can be supported individually on 
four wheels or tops can lap over onto cast iron trucks 
which are supported by four wheels. Also, tops can 
overlap and be supported by single, radial action axle 
using only two wheels per top. They can be designed 
to move over flat rollers without the use of wheels on 
tracks. A “sliding-on-rails” type eliminates even the 
flat rollers. 

One development makes use of cars mounted on 
a single instead of a double track. This type is not con- 
tinuous in operation and cars are coupled in a series 
of separate trains. Small locomotives, rather than an 
endless chain, supply the motive power, and switches 
are laid out in accordance with needs. 


Materials for Car Tops 

Car tops themselves may be fabricated of cast iron 
with bars to facilitate gas venting—heavy steel plates 
with or without refractory fill, or with gravity rolls. 
For fast shakeout work on snap flasks, the tilting top 
offers advantages. 

Types of endless chain used in connecting and mov- 
ing cars vary in design and method of attachment. If 
bolted to the axles underneath the tops, the chain is 
usually made up of long pitch, steel side bars with 
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lubricated, steel bushed rollers. Such chain ; _ 
guided along thrust bars or rail at all curved s * 
the track. If the car wheels are straight-faced 

flanged, continuous double guide bars or rai 

vided for the chain rollers along all straight a: 
sections of track. 

When hinged to the inner side of the car, n ler. 
neath, a relatively short-pitch chain is used. T} 
around large-diameter sprockets placed at the curved 
ends of the track. On this type the chain is driven py 
one of these sprockets. Chains located under 
are driven by steel dogs that engage chain rollers o, 
other attachments. These dogs are supported in 
short length of single or double strand endless chaip 













Variable Speed Drives 

All continuous drives should provide variable speeds 
For rather slow speeds with intermittent operati: yns, the 
drive may consist of steel dogs mounted on a carriage 
moved back and forth by means of a hydraulic or air 
operated long-stroke piston. This piston drive is used 
on the rectangular type of mold conveyor where move. 
ment is limited to one car length at one time. One car 
is placed on the end transfer carriage, the carriage js 
moved over and the car moved out onto the back section 
of track. All cars are thus shuttled around the entire 
track, using the transfer car at the other end for return 
to the molding side. 

Many troubles associated with the operation of mold 
conveyors may result from inherent foundry operating 
conditions rather than from faulty design of equipment 
Hot metal runouts, accumulations of sand and rubbish 
on tracks, or hidden shovels or tools under the cars wil! 
result in shutdowns. The mold conveyor is the onl 
piece of equipment in the foundry that handles al 
flasks, all cores, all poured metal and all sand associated 
with the production of one loop. It follows that such 
equipment is entitled to the best of maintenance care 
and should not be expected to pull through spilled 
sand accumulations or other obstructions. 

When the methods of pouring or other limiting fac 
tors preclude the use of mold conveyors of the car type 
then several lines of gravity rolls can be arranged to 
handle the molds and flasks. As gravity roll conveyors 
are easily moved, any original installation may be 
changed as needs develop. 
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Shakeout Installations 

Shakeout still is one of the less desirable jobs in many 
foundries. Dissatisfaction with such work results in 
more than average flask damage, shutdowns and ab 
senteeism. Proper attention to shakeout arrangement 
details can eliminate most of these troubles. Experience 
indicates that shakeouts should be considered as an 
integral part of sand handling systems, and that careful 
study should be given to all alternate arrangemen& 
before a layout is considered acceptable. 

Mechanical shakeouts, although sold as complete 
units, seldom fit naturally into locations selected. Addi- 
tional supporting members must be provided over pits. 
Shakeout sand-collecting hoppers must be fitted under 
shakeouts and designed with sufficient slope so that the 
sand will flow onto the conveyors located beneath such 
hoppers. It is the height required by the hoppers, ©? 





















and transfer points that determines pit depths. 
nportance of arrangement and details of design 
keouts should never be overlooked. Alterations 
anges are extremely difficult and costly once 
ions have started. 
study should also be given at the outset to pro- 
of proper ventilation at every shakeout point. 
§ le sidewall or canopy hoods or housings can be 
d for most arrangements. The layout man 
visualize, however, that such hoods must pro- 
working space and conditions around the mold 
w and the shakeout as required for dumping 
fla return of empties and removal of castings—all 
\ 1 without use of cranes. 
of flasks and of castings and the numbers to be 
ed per minute or per hour determine the size, 
»n and number of shakeouts used in connection 
iny mold conveyor. One shakeout of the mechan- 
ical type is frequently sufficient. It is rather common 
ractice to use two, one each for cope and drag. There 
are distinct advantages in the use of three; one for 
copes, one for castings and one for drags. Removal of 
copes shortly after pouring facilitates cooling of the 
castings, makes for cooler sand and simplifies the return 
of empty flasks, since copes and drags can thus be 
handled on separate conveyors. Passing all castings over 
a separate shakeout removes considerable sand that 
therwise would be a source of concern in the cleaning 
room. In addition, it returns that sand to the system 
where most of it will be re-used instead of wasted. 


Shakeout Sand Conveyors 

Usually, consideration is given to layout of shakeout 
and strike-off sand conveyors only after rather definite 
locations are assigned to the molding machines, the 
mold conveyors and the points of shakeout. At this stage 
the sand-plant engineer is often expected to perform 
a miracle by arranging, without the aid of pits, pent- 
houses or building alterations, for all shakeout sand to 
be returned to storage, mulled, and distributed over the 
molding machines. It is natural that proposal layouts, 
developed by different engineers, disclose many varia- 
tions in the arrangement, types and number of con- 


Belt conveyor distributes prepared sand to molders’ 
bers. Belt widths should be not less than 24 in. 


veyor units, as well as in the location and arrangement 
of the various units of the sand plant itself 

Shakeout sand, with such rods, chills and othe 
pieces of metal that may pass through the shakeout 
deck, can be handled by any one of several types ol 
conveyors or by a combination of various types. Vibrat 
ing feeders or vibrating conveyors offer advantages, if 
material is to be conveyed for only short distances, if 
the sand is hot and reasonably dry, or if a desirable 
minimum pit depth can thus be maintained 

One variation of this all-metal conveyor is the oscil 
lating type which can be used to convey hot materials 
over relatively long distances. Apron conveyors are 
commonly used for hot sand, if inclusions of hot metal 
will burn a belt or if such conveyor must be inclined 
upward at an angle in excess of 18 degrees. 

Whenever conditions permit, belt conveyors are pre 











Plows divert prepared sand from belt conveyor into 
molders’ hoppers, and may be hand or air operated. 


Overflow sand may be returned to system through 
shakeout, or belt conveyor in a pit beiow machines. 
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Molder’s hopper gates may be operated by hand or atr. 
Vibrating feeders replace the gates in some instances. 


ferred. Installation and operating costs for belt con- 
veyors are lower than for aprons, and sand spillage is 
less. Belts can convey for long distances and a magnetic 
pulley can easily be installed at the head end to remove 
tramp iron and other magnetic materials. 

The use of heat-resistant belting, fabricated with one 
or more covers of insulating asbestos, may reduce shut- 
down time incident to burned belts, but nothing except 
all-metal conveyors can be expected to stand up when 
handling sand, rods or castings with temperatures above 
400 F. The use of water sprays on belt or apron con- 
veyors for cooling sand has never been satisfactory. It is 
difficult to balance the amount of water so added with 
the loading of the conveyor, with the result that the 
sand remains too hot or becomes too wet. 


Cooling Shakeout Sand 

An acceptable method for cooling and handling hot 
shakeout sand and rods is to pass the material directly 
into a revolving, cylindrical, trunnion-mounted steel 
shell. Here the proper amount of water to be added for 
cooling is accurately controlled by the temperature of 
the air exhausted from the shell. Periodic heavy surge 
loadings, unavoidable when shaking out large flasks, 
even out in a rotating shell—the lumps are broken and 
the sand may be separated from the metal by means 
of perforated or slotted sections. 

All shakeout and most strike-off sand should be 
screened before storing and mulling. As strike-off sand 
usually is returned through the same sand conveyor 
system as shakeout sand, the screen must be selected to 
handle both tempered and dry sands at a rate that will 
represent maximum surge loading of both kinds. All 
sereens should be mounted within a relatively tight 
housing so that air-borne dust can be removed. 

Revolving cylindrical or hexagonal screens provide 
excellent lump-breaking action that results in almost 
complete recovery of foundry sand. Revolving screens 
can be designed to provide facilities for considerable 
air cooling of the screened sand. Such screens can be 
spider mounted on a central shaft extending through 
the screen, or trunnion mounted outside the cylinder so 








that no internal structure interferes with 
through the screen of sand, lumps, rods or gagg 
From the maintenance man’s viewpoint, th 
of this screen can be as important as the size 
selected. If the screen is mounted on or near 
floor level, all sand can be passed through 
handling by a bucket elevator. Thus many shu 
normally associated with operation of bucket ¢ 
and screens, can be eliminated. Screened sand 


sidered ideal for handling in an elevator. Unscreen 


shakeout sand, with more than occasional lumps. , 
and metal that will pass over a magnetic pulley 
cult to handle in bucket elevators. A screen located , 
floor level is, by comparison, easily accessible for inspe; 
tion and repair purposes. Furthermore, it comes ind 
the observation of the supervisor in his daily rounds 
Because of floor space limitations it may not be eas 
to locate the screen at floor level. Hence, it is often su; 
ported on top of the storage bin. In such layouts th 
shakeout sand passes over a magnetic pulley, up a 
elevator, through the screen and into storage. 
The use of bucket elevators in foundries is wel] 


established practice. Floor space limitations and other 
building arrangements seldom permit substitution of 


rather long, inclined belt conveyors. Yet, many mair 
tenance men still associate such trouble sources a 
plugged chutes, digging out boots, cleaning and repla 
ing buckets and re-splicing belts with the use of bucket 
elevators. In view of their experience and the intimat. 
knowledge these maintenance men have of operating 
conditions peculiar to their own foundry, their sug 
gestions and preferences should be considered wher 
selecting elevator sizes, designs and arrangements 

Pit dimensions should be such that adequate working 
space around at least three sides of every elevator boot 
is available. Similar working space should be provided 
at every head end by means of an accessible, full sized 
service platform. 

Wet sand will accumulate on the inside walls of a! 
elevator casing if wet, steamy vapors are allowed to co! 
dense on the walls. As such sand builds up and dries out 
all of it may drop at one time into the boot, thus plug 


Prepared sand for stationary slinger work 
handled by rotary table feeders or apron con 
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nd stopping the elevator. Shutdowns so caused 
eliminated if all steamy vapors and the air-borne 
re properly exhausted. However, daily checks 

be made to insure that exhaust facilities are 
functioning properly. 

Storage bins should provide capacity for storing at 
that amount of sand required for one hour of 
nuous operation of all molding machines being 
yerved. Twice such capacity is to be preferred. However, 
he layout the capacity and the design of storage bins 
ysually is determined or limited by the arrangement of 
liers, height and location of roof trusses, size of pent- 
house provided or travel of an overhead crane. 

Storage Bin Design 

Shakeout sand may be returned to storage in a rela 
tively dry condition, but more frequently it is on the 
steamy, moist side. To prevent sand bridging, outlet 
ypenings in the bin bottom should be as wide and long 
as the arrangement of muller feeding mechanism will 
permit. To minimize “piping” or the hanging up of 
sand along bin sides and corners, all sloping sides and 
valley angles should be as steep as design of the overall 
layout and available space will permit. 

To reduce dusting and steaming, all bins should be 
covered and ventilated. Such covers will serve as walk- 
ways or service platforms around any screen or conveyor 
that may be supported over the bin. Since sand is an 
excellent insulating material, normal storage will have 
no appreciable effect on the temperature of stored sand. 
If hot sand is returned to the bin, then that same sand 
will be hot when withdrawn. 


Stairway to Bins 

Access to the top of most storage bins should be by 
means of a stairway rather than by ladders. Stairways 
can usually be designed to provide easy access to such 
units as distributing belt conveyors, aerators, screens 
and elevators. Provision for such stairways should be 
made in the original general layout of the sand plant. 

Muller feeding mechanism, usually supported under 
the storage bins, may consist of apron conveyor feeders, 
measuring hoppers or scale mounted weigh hoppers. 
Such hoppers may be mounted in fixed positions over 
the mullers or on a traveling larry car so that sand from 
any bin may be fed into any muller. 

Use of apron conveyor feeders will enable a lower 
overall height of bin structure and may enable a more 
even downward movement of sand across the full width 
and length of the bin. Size of batch to be apron-fed is 
regulated by the width and depth of a pull-out gate, rate 
of speed of the conveyor, and time interval of conveyor 
operation. With continuous mullers, or pug mill type 
mixers, such apron feeders operate continuously. 

Customer preference usually determines the type of 
mullers that the sand plant engineer fits into the layout. 
The number and size of mullers to be used, as well as the 
expected operating cycle for batch mullers, are matters 
of vital importance. In computing expected perform- 
ance, it is well to remember that mulled sand will not 
weigh 100 lb per cu ft, but usually less than 70 lb. Actual 
mulling time for one batch of gray iron sand will 
seldom exceed 114 min, but the time required for the 
complete operating cycle must include that required for 


For rapid filling in large flask work, sand may be 


handled to advantage by the apron conveyor feeders 


loading and unloading, which will vary according to 
type of installation. 

The use of two medium sized units usually is pre 
ferred to that of only one large sized unit. The instal. 
lation of three units can be justified whenever the 
capacity of two such units may be considered as border- 
line. In other words, mullers should have ample capac- 
ity so that, at all times, they can supply the molders 
with all the sand required. 

Periodic check-ups should be made of all muller 
operations. The time required for loading, mulling and 
discharging should be separately clocked for several 
cycles. ‘The pounds of sand in several batches, as dis- 
charged from the mullers, should be accurately 
weighed, not just roughly measured or estimated. 

Muller location fixes the general arrangement of the 
entire sand plant. If located above the level of the 
foundry operating floor, then the building roof line 
must go up accordingly. If located at or below the floor 
line, then pits must go down. When located above the 
floor line, all bond and sea coal must be elevated for 
storage in auxiliary bins, or in bags on the service or 
working platform that must be provided around the 
mullers. Each foundry seems to select a muller arrange 
ment differing from any previously installed. 

Continuous type mixers offer advantages in layout 
and operations when circumstances permit their use. 
The pug-mill type, first used many years ago, still is 
preferred in many foundries. A type of more recent 
design provides mulling action as well as intensive 
mixing. Sand, bond, sea coal and water are fed continu 
ously into the loading end of such mixers and a steady 
stream of prepared sand is discharged at the other end 


Prepared Sand Distribution 


Prepared sand should be discharged from all batch 
mullers into surge or temporary holding hoppers so 
that the mullers can be emptied as quickly as possible 
and the mulling cycle resumed. Such hoppers are sup- 
ported directly above a belt or apron conveyor and 
should be designed to hold not less than one batch of 
mulled sand. 

An adjustable gate is arranged between the continu- 
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ous skirt plates of the conveyor and at the front of the 
hoppers. The size of this pull-out gate opening and the 
speed of the conveyor must be so regulated that each 
hopper will be emptied before another batch is dis- 
charged from the muller. The rate at which sand must 
be handled by this pull-out conveyor determines the 
sand-handling capacities for all other conve yors or ele- 

vators handling prepared sand. 

To improve sand flowability and permeability, an 
aerator is customarily included in most prepared sand 
conveyor systems. Irrespective of type, size, design or 
location, daily inspection and periodic cleanout of 
such aerators is warranted. Provisions should be made 
in the layout for adequate and accessible walkways or 
service platforms on both sides of an aerator. 

The design of most prepared sand distributing belt 
conveyors is rather well standardized. Experience indi- 
cates that belt widths of not less than 24 in. can be justi- 
fied on most installations. A walkway is customarily 
provided along one side of the conveyor. If the conveyor 
serves a double row of molders’ hoppers, walkways 
should be provided along both sides. If the walkway 
plate is widened sufficiently to floor in the area under- 
neath the belt conveyor, it will minimize sand spillage 
onto molding machine operators and molding work 
located below the distributing belt. 

Sand that passes under the plows and over the head 
pulley of the distributing conveyor should be returned 
to the sand system. This overflow sand can be handled 
in tote boxes, or it may be spilled onto the tops of 
poured molds and returned through the shakeout. A 
belt conveyor located in a pit alongside of, and below 
the molding machines, will provide the most advan- 
tageous means for handling such sand. 

Such a conveyor should be arranged to return to the 
system all of the strike-off and spill sand that other- 
wise would accumulate on the floor around the molding 
machines and the mold conveyor. The use of a con- 
veyor for the handling of all overflow, strike-off and 
spill sand contributes much to the good housekeeping 
conditions that should prevail in every foundry. 


Diversion Plow Types 


Prepared sand is diverted from any distributing belt 
conveyor into molders’ hoppers by means of plows. The 
design of hand-operated plows is reasonably well 
standardized. Single, double or split plows may be used. 
Plows may be operated by air cylinders instead of by 
hand. For the remote control of such plows, each air 
cylinder can be actuated separately through the use of 
solenoid operated air valves. A recently developed auto- 
matic plow makes use of a ribbon screw conveyor 
arrangement that aerates the sand while removing it 
from the belt conveyor. 

Design of molders’ hoppers may involve considerable 
compromise. The height of molding machines is fixed. 
The height of the distributing belt conveyor is fre- 
quently predetermined by the location of roof trusses. 
Within such limitations it is often difficult but impor- 
tant to design molders’ hoppers with sides that slope at 
an angle sufficient to prevent hang up of sand and still 
provide the hopper capacity required for molding 
machine operations. 

Gates at the bottom of molders’ hoppers are often of 






FOUNDRY MEcH 








the double undercut type, counterweighte 
ranged for hand operation. Use of directio1 
under these gates is frequently necessary. Ho) 
can, of course, be operated by air cylinders at 
installations gates have been replaced by 
feeders. When prepared sand is used for 
slinger work, rotary table feeders are freque: 
Apron conveyors can also be used for feeding 
For the rapid filling of large sized flasks, an ay 
vevor feeder may serve to advantage. 
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DISCUSSION 


Chairman: E, W. Beacu, Campbell, Wyant and Cannon ( 
Muskegon, Mich. 

Tom Butter’: What are the relative merits of your 
types of conveyor? Why would you use a penduluin type « 
floor type conveyor? 

Mr. BartLetr: Types, sizes, weights and numbers of flas) 
will determine, in a general way, the type of mold conv 
to use. In cases of extreme lengths in a car top, or because 
the weight of flasks, a rather heavy cast iron car top with ribs 
may be used. The width and length of the car top depends 
upon, naturally, the size of the flask to be handled. A sma 
sized top can be more readily pendulum supported than larg 
tops. This question is not much easier to answer than to answer 
the question, “What type muller do you prefer to use and w 
do you use this or that size or make?” Customer prefere: 
should have a great deal to do with the type of mold conve; 
to be used. The diameter of the wheel depends upon the | 
of load you must carry. The larger the diameter, the less fr 
tion. The design of the car top itself depends upon the radius 
of curvature at the ends, and because with that curvature, \ 
get an end cut in your car top if of the overlapping type 

J. O. Hunt*: Where can a man find a qualified engineer | 
lay out just what the author speaks about? 

Mr. Bartlett: Such men should find work very quich 
There are many of us looking for that kind of a man. 

T. E. Mavpass*: We are a small company and have admit 
your mechanized equipment. We pour between 20 and 25 | 
a day. Now, in order to operate profitably, I would assume fron 
this discussion that you must pour continuously and therefor 
you must have two cupolas, at least, and what I would like | 
get at, there must be a point where the old way is profital 
and there must be a point reached where an engineering fr 
can say, “Now you can go into a small mechanized unit.” 

Mr. Bartlett: Your question on the small mechani 
foundry is indeed a serious one and none of us seem to k! 
the complete answer. Years ago one yardstick was the use 
about 50 tons of sand an hour. On that basis, casting pro 
tion enabled continuous pouring and there was a reason 10! 
rather complete mechanization. During the war years, mat) 
non-ferrous and ferrous plants mechanized that were handling 
as low as 15 to 20 tons of sand an hour. For the use of a ©! 
tinuous mold conveyor, continuous pouring, or a close app! 
to continuous pouring, is obviously necessary. Mechanization 
can be used at the shakeouts and for the return of the sa! 
above molder hoppers, irrespective of whether you use coo 
tinuous mold conveyors or use gravity rolls for the setting 
of flasks. Just what the limitation is, I do not know. | offer 
the suggestion that many a foundry apparently find it just! 
able where as little as 15 tons an hour of sand is handled 
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g the shakeout of the flasks and returning the sand 
older hoppers, so they can get increased production 
general, better working conditions. That is a rather 
nswe1 but it is not easy to offer in a few words a ready 
o a problem that has been with us for years 
HIERWARTER*: Some time ago we had a similar illus 
scussion by a foundry engineer who said, “There is no 
too small for some sort of mechanization,” and I was 
ig if any foundry were to go through the expense of 
e of these experts to design a foundry and mechanize 
happens to guess wrong, who is going to pay the bill? 
BARTLETT: The customer always pays, but, in addition 
it is YOUR customer who has to pay eventually. The 
ways pays finally. We in the foundry engineering busi 
our best, but we are not perfect. It is not easy to 
spending over and above a certain amount and that is 
less determined by the nature of your daily production. 
1 buy yourself into the equipment-poor class just the 
you can operate yourself out of business because of lack 
pment. Both are possible. This brings us back to the 
at I tried to emphasize. All foundry mechanization is 
of compromise between what you would like to do 
it your funds enable you to do; compromise between 
he foundry engineer, the plant engineer, the cupola 
rs and the production superintendents would like to 
ind what their floor area, their building limitations and 
( e funds will enable them to install. 
sIRMAN BEACH: The line of demarcation between the 
that can be mechanized and the one that must stick 
fashioned methods depends on the size of the castings 
and the daily (or hourly) tonnage. If any of you are 
ted in small foundry mechanization, particularly in sand 
I would refer you to a paper entitled, “Mechanical 





( § Handling for Low-Tonnage Foundries,” TRANSACTIONS, 

(FA, vol. 43, p. 415 (1935), presented at the Ontario Convention. 

ends In it you will find illustrations of sand handling in a small 
m nt, which will probably suit many of you whose tonnage 
slow. With the thought in mind that the question of mechani- 

swe | aids applicable to the small shop owner might come up— 
W : lways does during a meeting of this section—I am pleased 


you that the operators of the plant pictured in the paper, 


ey extend an invitation if you are interested, to visit their plant 
In conversation with S. C. Massari, Technical Director of AFA, 
I e assures me that the AFA is very much interested in the 


eeds of the low tonnage membership group, and that matters 
f interest to them is to be given attention. I feel certain that 
future meeting of this section, ways and means for installa- 
m of labor-saving equipment (or methods) within the bounds 
sonable investment, will be presented for your considera- 


C. W. Fercuson®: We operate a mechanized foundry pro 
ng stove plate. Should the magnetic separator be installed 


re the rotary screen or after? 


ofor * Newark Brass Foundry, Kearney, N. J 
: an Falkirk Iron Co. Ltd., Durban, South Africa 





Mr. BARTLETT: Locate one both betore and alte There isa 
reason for both 
Mr. Fercuson: Should we have continuous mullers or batch 


mullers 
Mr. Bartietr: If your molding sand is sufficiently similar 
in character and the flask work is sufficiently similar in charac 


ter that you use the same kind of sand day after day, without 


bond and your tempering, a continuous muller 


changing your 
system may serve you to advantage. You will have to balance 
against that the good points of the other types. With a con 
tinuous muller, you will have one unit of sufficient capacity to 
take care of your entire needs. If anything happens to that one 
unit, your production is down. With batch mullers, you can 
vary the bond, sea coal and tempering at will and more easily 
than you can with the continuous operation 

Mr. Hrerwarter: Can you tell me anything about the use 
of these magnesium buckets for elevators where you have trouble 
in discharging? 

Mr. Bartiett: We have not had an opportunity to do what 
we would like to do and what you would like to see done with 
them 

Mr. HieRWARTER: In your experience, what is maximum belt 
speed to use per minute for an elevator for successful unload 
ing of shakeout sand, with some water added 

Mr. BartLett: On centrifugal bucket elevators you may have 
speeds ranging from 250 fpm. up to 300 fpm. We would prefer 
to stay in the 250 fpm. class rather than going to the higher 
speed, although there are plenty operating at the higher speeds 

W. R. JeENNINGS*: We have a lot of interest evidenced because 
of the necessity of cleaning up and not having the foundry in 
the condition that it has always been reputed to be in. On this 
matter of economy, when you go to a hospital, they may ask 
you how your credit is, but you still have to have the operation 
Many of us must face this operation on the basis that it is 
something we need to do. We must, of course, face the problem 
of economy in operation; we cannot stay in business without it. 

We have several small foundries. Some of them we have 
mechanized with different variations within the limitations of 
that particular foundry, keeping in mind the economy of that 
operation. Are you running your own shop? If you are running 
your own shop and somebody else does not tell you what pro- 
duction you are going to get out, then some of this equipment 
will help you. If you cannot get over the number of molds 
you are getting now, no matter what kind of equipment you 
put in, it will not pay dividends. Some of us have been in that 
situation. Unless we have that American way of producing 
more with this equipment, the equipment is going to do us 
no good. 

You made a good point when you said have room in your 
pits. Drain your pits; put a slope to them so you can flush 
them out with a hose. Do not expect to get down there and 
sweep them out. I like to have these engineers do something 
to help me. I would like to have my gangways so I could flush 
them. 
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IBSTRACT 


1 study of the effect of various deoxidatior treatments of 
cast monel metal melted in the indirect and resistor furnaces was 
made. Magnesium is shown to be inade quate as a degasser in 


melting monel metal in the indirect arc furnace Titanium, 


lithium and zirconium deoxidation yielded satisfactory results. 
The increased solubility rate of certain gases upon melting nickel 
copper in this unit is believed to be due due to ionization of the 
furnace atmosphere. A possible ¢ xplanation as to the phenomena 
involved is offered. The comparative beneficial effects on sound 
ness while utilizing an air blast during melting in this unit is 
shown. The detrimental effects of nitrogen and hydrogen in cast 
monel metal and the additions of titanium, lithium, or zirconium 
to prevent nitrogen porosity and of titanium to minimize hydro- 
gen porosity are also shown. Comparative effects between the keel 
block test bar and another test bar in reflecting metal quality are 


presented. 


‘THIS INVESTIGATION was initiated due to the 
high percentage of hydrostatic pressure losses experi- 
enced in melting monel metal in the indirect arc 
furnace by the shipyard foundry with which the 
authors are associated. When material requirements 
on Navy Department standard valve trim plans were 
revised from cast manganese bronze and the composi- 
tion bronzes to cast monel, a considerable work load 
in the melting of this alloy was created. Thus, it was 
imperative that a melting procedure be devised for 
this unit which would produce monel castings of con- 
sistently high quality and for investigating the basic 
nature of the difficulty encountered. 


Practical and Theoretical Considerations 


Very little published data on the solubilities of gases 
in cast nickel-copper alloys are available. Zapfee and 
Sims,’ Sieverts* and Martin*® show that for nickel there 
is a large decrease in hydrogen solubility at the solidifi- 
cation point. In a paper by Hensel and Scott,‘ Ziegler 
is quoted as reporting the following solubility values 
for nitrogen in molten nickel: 1405 C.—0.004 per cent 


* Any views or opinions contained herein are the personal 
views of the authors and do not reflect the official opinion of 
the Navy Dept. 

** Metallurgist and Metallurgical Supt. respectively, Material 
Laboratory, New York Naval Shipyard. 
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N; 1550 C.—0.023 per cent N; 1650 C.—0.051 p 
cent N. 

It is evident from this work that nitrogen 
high solubility in nickel and that there is a sha 
decrease in solubility at the solidification poi 
Duma’* placed the maximum solubility of carbon 
70-30 copper-nickel alloy at 0.04 per cent at room te: 
perature. He showed that by adding 0.08 to 0.21 p 
cent titanium to this alloy no evidence of graphi 
flakes was present but rather crystals of titanium ca 
bide, and that the resulting structure yielded high: 
strength, hardness and machinability, with a ver 
slight loss in ductility. He concluded that the i1 
proved properties were due in no small part to t! 
greater freedom from graphitic fissures. It was 
ported by Mishima* and by Thompson and Barclay 
that in cupro-nickel alloys (75 Cu-25 Ni), considerab 
carbon is absorbed by the nickel in the melting opera 


tion. On annealing above 700 C. precipitation o! 


graphitic carbon occurs in the grain boundaries 
forming an intergranular network and making th 
alloy brittle. The precipitation was observed micro 


scopically, only when the alloys contained above ().: 


per cent carbon. 
Bose* made a study of the effects of manganese o1 


the annealing brittleness of 75-25 copper-nickel alloys 


containing 0.08-0.14 per cent carbon. Melts with man 


ganese additions ranging from 0.10 to 5.0 per cent 
were made. Carbon additions were made by meats 


of a nickel alloy containing two per cent carbon 
Chemical analyses of the alloys showed that in th 
cast condition they contained little or no free cal 
bon, but after annealing for 214 hr. at 800 C., fol 
lowed by furnace cooling, they contained 0.044 


0.089 per cent graphitic carbon. Tensile and izod tess 


indicated that annealing brittleness was virtual! 
eliminated by the addition of 0.10 per cent mang 
nese, although manganese up to one per cent \ 


int ol 


formed to have a negligible effect on the amoun 
carbon absorbed by the alloy or the amount of gs" 
phite precipitated on annealing. The presence 
manganese the author assumes influences th« 
precipitation so that its distribution is not int 
granular. 
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generally agreed that carbon, nitrogen, hydro- 
id boron, sometimes referred to as the metal- 
are capable of forming interstitial types of 
and solid solutions with the transition elements 
h nickel is one. Hagg® found that these alloys 
tally formed when the following conditions are 
d: 
(he ratio of the atomic diameter of the inter- 
atom to that of the solvent atoms must be less 
.59. If the diameter ratio is larger than 0.59 
loys rarely form. 
[he larger solvent atom must be one of the 
ion elements, i.e., one of the polyvalent metals 
is nickel, titanium, zirconium, etc. 
Carbon monoxide or carbon-oxide reactions were 
ynsidered factors in causing porosity in cast 
Heats melted with as high as a 2 per cent 
CuO addition showed inconsistent results upon deoxi- 
with magnesium. Air or oxygen bled into the 
rel only served to minimize rather than eliminate 
porosity conditions. In addition, the fact that gas 
solubilities invariably obey Sieverts’ Law, i.e., vary in 
solubility with the square root of the partial pressure, 
makes it difficult to conceive of the solubility of a 
polyatomic gas, as such. 


Foundry Procedure 


[he general procedure utilized by the New York 
Naval Shipyard foundry in the production of monel 
in the indirect arc furnace was briefly as follows: 
Charge commercial ingot and foundry returns into 

well preheated barrel, superheat to 2850 F, add 
lerromanganese and metallic silicon three to five min- 
ites prior to tapping, tap at approximately 2900 F and 
then deoxidize with 114 oz of magnesium per 100 Ib. 
{ molten metal. Procedures were tried with various 
types of covers, by bleeding air and oxygen into the 
barrel or by introducing CuO into the melt. However, 
no consistent results from the standpoint of radio- 
graphically sound castings or test bars yielded satis- 
factory fractures and physical properties could be 
achieved. 

It was observed that in those heats which exhibited 
poor physical properties and gas porosity, there was 
usually a white cloud formation in the barrel of the 
iurnace at the transition from solid to liquid which 
choked the arc and obscured the vision. J. C. Vaughn 
nd John Chipman *° noted the same phenomena while 
melting in an induction unit in a study of the solu- 
bility of nitrogen in molten iron-silicon alloys and 
tentatively ascribed it to the formation of silicon 


itride, 


Resistor Type Furnace Heats 


Comparative heats from a resistor type furnace 

wed satisfactory and consistent results utilizing the 
same procedure as described above for the arc furnace. 
his unit is essentially of the same physical charac- 


teristics, dimensionally, as the indirect-arc furnace 


nd utilizes the same type of refractory lining. How- 
radiant heat is supplied by graphite resistors in 
f an arc. Thus it became apparent that the 


solution to the problem was inherent in the furnace 


phere as a result of arc melting. 
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TABLE |1.—CONSTITUENTS OF CHARGES FOR 
Test HEATsS 





Total Re- 

Heat Charge Ingot turns Metallic 

No. Furnace (Lb) (Lb) (Lb) Silicon Fe-Mn 
F2209 Indirect Arc 450 450 — llb4oz lib4oz 
F2245 Resistor 300 300 . - 
6446 Resistor 450 135 315 1 lb 15 oz 13 oz 
6447 Indirect Arc 450 135 315 lib 15 02 13 o2 
6553 Indirect Arc 450 135 315 8 oz — 
6836 Indirect Arc 450 $50 . 8 oz _- 
6837 Indirect Arc 450 450 -- 8 oz _- 
6845 Indirect Arc 450 450 - 8 oz _ 
6933 Indirect Arc 450 450 8 oz -- 
6585 Indirect Arc 150 450 8 oz -- 
F2297 Indirect Arc 300 300 5 oz _ 
6629 Resistor 450 450 8 oz -- 
‘2416 Indirect Arc 450 450 Lib138o0z lIblloz 
F2475 Indirect Arc $50 350 -- 2 lb2oz llb4o0z 
F2460 Indirect Arc 450 150 - 2iblloz liblloz 





lonization of Furnace Atmosphere 

When melting in the indirect-arc furnace, the tem- 
peratures involved and the arc itself cause partial 
ionization of the furnace atmosphere. In the process 
of ionization, sufficient energy is absorbed so that a 
portion of the molecules present break down into free 
electrons and positively charged particles or ions. As a 
result the gas becomes conducting. This was clearly 
established during some development work with a 
2-phase arc furnace ** when cross-arcing between oppo 
site phases occurred during operation. 


MONEL TEST BAR DESIGN 
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Fig. 1—Sketch of monel test bar design. 
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In addition, the possibility exists that the clectro- 
static charge on the ionized gas may have some bear 
ing on its increased sensitivity to absorption by molten 
metal. In general, the phenomenon that occurs in 
melting monel metal in the indirect are furnace is 
analagous to the mechanism which explains the fact 
that nascent gases are much more soluble in mo!ten 
metal than are molecular gases. The latter first having 
to acquire sufficient energy for dissociation to conform 


with Sieverts’ Law. 


Approach to the Problem 


In view of the sparsity of published data on the 
effects of hydrogen and nitrogen in cast monel and 
in the light of the considerations outlined above, it 
was obvious that the effects of these two gases on cast 
monel had to be investigated in arriving at any solu- 
tion to the problem: It was decided, therefore, as a 
first step, to utilize various deoxidizers such as titanium 
and zirconium, two transition elements which are 
known to be strong nitride formers. In fact, the possi- 
bility cannot be discounted, in light of the relation- 
ship shown above by Hagg '* and others, that certain 
of the transition elements such as titanium and zir- 
conium might form stable hydrides at temperatures 
below that of steelmaking. 

Foundry Practice—All test heats were melted in 
either the indirect-arc furnace or the resistor type fur- 
nace. The constituents of all the test heat charges 
and the type furnace utilized are shown in Table | 
for all the test heats. Commercial ingot and in some 
instances part of the output of a production heat were 
used in the tests. The melting procedures were essen- 
tially as outlined before and separate taps were made 
and treated with the various deoxidizers except in 
cases which will be specifically noted. Final analysis 
for all the test heats are shown in Table 2. The sand 
utilized for making the test bar molds and plug molds 
was synthetic in nature of following composition: 

250 Ibs AFA 60 silica sand 
250 Ibs Monel heap sand 
14 qts Bentonite 
2 qts Mogul 
3.0-3.5% Moisture 

All molds were silica washed and skindried. 

In carrying out the first stage of experimentation, 
test heats were melted in the indirect-arc furnace and 
comparisons of the physical properties of magnesium 
deoxidized test bars and titanium treated test bars 
were made. Comparative heats were run in the resistor 
furnace showing the relative effect on the physical 
properties by deoxidizing with magnesium and 
titanium, 

A study was made in several test heats of the rela- 
tive degree of gas porosity evidenced after deoxida- 
tion and/or degasification with several types of deoxi- 
dizers. Plugs 3 in. in diameter and 7 in. long, sec- 
tioned down the center line and etched, were utilized 
for this purpose. The degree of piping and of gas 
porosity evident in the etched surface was used as an 
indication of the relative degree of gas absorbed dur- 
ing melting and rejected during solidication. ~hysical 
properties of test bars poured from the same ladle as 
its corresponding plug were also obtained and com- 
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pared with the etched plugs. Photographs of 
tured test bars were made in some instance 
the nature of the fracture and to correlate it 
physical properties of the test bars and the . 
piping and gas porosity exhibited by the plu; 

Test heats were melted to show the con 
effect of an air blast on gas absorption duri 
ing. Test heats were run with and without 
to show the relative effect on sectioned k: 
risers and plugs and on the physical prop 
test bars. 

Comparisons of physical properties were als 
between the conventional keel block test bar (see Nay, 
Department Specification 49B3F) and the | 
shown in Fig. 1. The latter is hereafter design 
this paper as the regular test bar. These comparisons 
were made in order to indicate the relativ ility 
of these bars to reflect metal quality before d« 
tion and/or deoxidation. 

Further studies of the effect of titanium additions 


on specific types of gas porosity such as nitrogen ar 
hydrogen were attempted. Test heats were inoculate 
with calcium nitride and magnesium nitride a: 
relative effects produced by these additions and by 


subsequent deoxidation with titanium were sho 
by means of etched plugs and physical properties 
Test heats were also inoculated with hydrogen 
inoculating the melt with calcium hydride. Her 
again the effects produced by the calcium hydrid 
additions and by subsequent fixation with titai 
were studied as indicated above for nitrogen. 
Complete furnace log operating data and tapping 
and pouring temperatures were kept. Metallographi 
studies of all heats were made and in some instan 
comparative micro-radiographs were prepared. 


Effect of Various Treatments on Properties 


The effect of the no deoxidation, magnesium deox 
dation, titanium fixation and a combination of mag 
sium deoxidation and titanium fixation on the physica 
properties of a cast monel heat (F2209) melted 
the indirect-arc electric rocking furnace are shown in 
Table 3. Keel block test bars were utilized. It will 
be noted that no deoxidation yielded unsatis{actory 
physical properties, magnesium deoxidation yielded 
slightly better but still unsatisfactory properties and 
the properties obtained upon titanium fixation and 
magnesium deoxidation plus titanium fixation wer 
well above the minimum requirements of Navy Dé 
partment Specification 46Mlg for monel castings 

A comparative heat (F2245) melted in the resistor 
furnace yielded satisfactory physical properties (Table 
3) upon treatment with both magnesium and m 
bination of titanium and magnesium. In addition two 
duplicate test heats (6446 and 6447) were melted in 
the indirect-arc furnace and the resistor furnace, 
respectively, to show the comparative physical proper 
ties obtained on a keel block test bar deoxidized with 
magnesium alone and then treated with a combination 
of magnesium and titanium. These results a 
shown in Table 3 and confirm the results obtaine¢ 
above. An ingot which was considered unsatis 
due to a very high inclusion count was utilized 


experiment. 


F2475 


F246( 
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Effect of Deoxidizers in Degasification 


2 illustrates the gas porosity effect produced 
ctioned and etched plugs melted in the indi 
(Heat No. 6553) by 
um deoxidation above 2750 F, magnesium de 
2600 F, ferro 
fixation 


furnace no deoxidation, 


yn at aluminum deoxidation, 


im-titanium and a combination of 


LABLE 2.—CHEMICAI 


ANALYSES OF 


ferro-aluminum-titanium and magnesium deoxidation 
It will be noted that this heat utilized approximately 


and 70 per cent foundry 


0 per cent ingot material 


returns and that an air blast was used to prevent the 


formation of the “smoke condensate” in the turnace 


barrel. 


The above experiment was repeated in Heat No 


Monet lest HEATS 





Sample 


No. 


63.38 
63.12 
62.93 
63.00 
64.57 
64.54 
64.26 
64.05 
64.48 


97 


04.2 / 
64.34 
64.10 
63.86 
64.29 


64.08 


63 
64 
64 


98 
AY 
A7 


64.16 
64.88 
64.7 
64.55 
64. 
65 

64 
645 


9 
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5.19 
65.72 
63.89 
65.47 
65.12 
65.17 
65.03 
64.76 
64.94 
64.22 
64.98 
65.16 
64.82 
64.89 
64.94 
64.76 
63.75 
63.35 
63.21 
62.15 
64.36 
63.86 
63.62 
63.43 
63.29 
63.68 
63.27 
63.16 
62.03 
60.99 


= 


MIA 
MHIA 
MH2A 
MH3A 
MHT4A 
MHT5A 
MHT6A 


~t & & Fes. 
ss anv > 


oo 


29.5 
29 

29 
29 
29. 
29. 
29.2 
29:! 
2G &} 
29.78 
28.9¢ 
29.30 
99 33 
29.29 
29.38 
31.00 
29.28 
99 30 
29.21 
29.22 
29 33 
29.18 
99 28 
29.29 
29.34 
29.37 
29.47 
29.38 
29.47 
32.39 
32.37 
$2.42 
33.39 
31.31 
31.79 
$1.61 
31.98 
$2.06 
$1.71 
$1.95 
31.54 
$2.13 
32.30 


N 


Elements, Per Cent 


Cr Pb Al lotal 


05 
05 
00 
06 


21 
"26 
00 
00 
12 
01 
01 


SNNN 


2.44 


44 
50 
60 
22 
63 
54 
65 
61 
64 
2.01 
1.58 
1.63 
1.69 
1.68 
1.70 
2.60 
2.94 


09 
06 
00 
00 
19 
00 
17 
00 
O08 
15 
90 
OO 
00 
00 
29 
01 
01 
jl 
Ol 
01 
Jl 
006 
008 
04 
O8 
06 
04 
Ol 
01 
18 
15 
00 
07 


12 


O1 
00 
00 
01 


O01 


O10 
O8 
08 
08 
009 
010 
010 
01 
Ol 
05 
0! 
01 
04 
02 
02 
O15 
017 
059 
O4 
O15 
016 
017 
05 
02 
02 
09 
02 
02 
02 
02 
1}1 
240 
609 

















dation 
Y.P., psi 
ge ® psi 
El., % in 
2 in. 
Fig. 
hig. 
Y.P., psi 
r.S., psi 42,750 
El., % in 
2 in. 
As Cast 
No deoxi 
dation 

















No deoxi 


PROPERTIES 


PROPERTIES 
$1,000 


Mg and Fe-Al-Ti Additional Fe-Al-Ti 


t oz Mg/100 Ib 


Ca,N, and Fe-Al-Ti 





ira Sree 


A> 





Aluminum 
100 Ib 


Sectioned and etched monel plugs, Heat No. 6553, melted in indirect arc furnace with an air blast 
treated with various deoxidizers. 


{—Sectioned and etched monel plugs, Heat No. 6933, melted in indirect arc furnace without an air blast 
treated with various deoxidizers. 


89,000 
73,500 
24.0 


Ni-Zr 


4 02/100 Ib 
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2 
¥ 4 
s 
4).T As Cast Magnesium Magnesium Aluminum Fe-Al-Ti Meg and Fe-Al-Ti 
10 No deoxi- 2900 F) (2660 F) t 02/100 II t 02/100 Ib 3 oz Mg/100 Ib 
dation 5 02/100 Ib 5 02/100 Ib t oz FeAlTi/100 Ib 
PHYSICAL PROPERTIES 
ps 29 500 33,500 38,500 32.500 40,750 37,500 
: I.S., ps 42,500 39,500 56,250 57,500 82,250 75,500 
[ in 16.5 9.5 12.5 21.5 42.0 26.5 
g Sectioned and etched monel plugs, Heat No. 6843, melted in indirect arc furnace without an air blast and 
treated with various deoxidizers. 
Fig. 5—Typical photomicrographs showing degree of porosity exhibited in the as-polished condition at 100X after 
‘ment with various deoxiders. Heat No. 6843. A,no deoxidation; B, magnesium deoxidation above 2750 F; G, 
ignestum deoxidation at 2600 F; D, aluminum deoxidation; E, Fe-Al-Ti deoxidation; and Fe-Al-Ti plus Mg de- 
oxidation. 
(Wy 
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Me 
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TABLE 3.—EFFECT OF DEOXIDATION TREATMENT ON PHYSICAL PROPERTIES OF CAST MONEL 





——— 
Heat Specimen Type of Deoxidizer Yield Pt. Ultimate El (%) in Tapping tee 

No. No. Test Bar Per 100 lb Metal PSI PSI 2 In. Temp. °F 

1A Keel None 27 250 39,875 18.5 2850 2790 

IB Keel None 6,750 36,000 17.0 2850 27% 

2A Keel 114 Oz-Mg 27,500 46,125 22.5 2890 274) 

2B Keel 114 Oz-Mg 28,625 51,000 26.5 2890 90 

F2209 3A Keel 4 Oz-Fe-Al-Ti 34,750 74,375 40.0 2930 790) 

(Indirect 3B Keel 4 Oz-Fe-Al-Ti 33,250 73,750 45.5 2930 2799 
Arc) 4 Oz-Fe-Al-Ti 

Furnace tA Keel 114 Oz-Mg 36,375 77,500 16.5 2960 2790) 
. Oz-Fe-Al-Ti 

4B Keel 6 O7-Mg 36,875 79,125 43.0 2960 2790 

1A Keel se Oz-Mg - 77,250 37.5 2840 2740 

F2245 1B Keel 1% Oz-Mg 33,000 77 250 34.0 2840 2740 
(Resistor) 4 O2-Fe-Al-Ti 

2A Keel 114 Oz-Mg - 81,500 38.5 2840 2720 
t Oz-Fe-Al-Ti 

2B Keel 114 Oz-Mg 40,375 82,125 35.0 2840 279 

6446 1A Keel li uetay | 36,000 68,125 25.5 2840 2750 
(Resistor) 1 O7-Fe- li 

2A Keel 114 Oz oe 34,500 73,500 33.5 2840 27 4( 

6447 1A Keel 114 O7z-Mg 24,750 40,500 20.0 2940 R50) 
(Indirect t Oz-Fe-Al-Ti 

Arc) 2A Keel 114 Oz-Mg 34,500 72,250 43.0 2940 86 





6843 with the exception that an all ingot charge was 
utilized and that no air blast was used. The 


and etched plugs are shown in Fig. 3. 


sectioned 


Another test 


below the photog 
plugs in Figs. 2, 3 


9 


raphs of the sectioned and etched 
3 and 4 respectively. 


heat was melted (Heat No. 6933) in which the effect 
of various other types of deoxidizers on gas porosity 
was investigated. Figure 4 illustrates the effect of no 
treatment, ferro-aluminum-titanium plus magnesium 
deoxidation, calcium nitride plus ferro-aluminum- 
titanium, additional treatment of the latter with ferro- 
aluminum-titanium, nickel-zirconium treatment, lith- 
ium-copper treatment and nickel magnesium deoxida- 
tion. An all ingot charge was utilized and the heat was 
melted without an air blast. 


Experimental Observations 

From Figs. 2, 3 and 4 the following salient fact 
are apparent: 

1. All magnesium deoxidized heats showed con- 
siderable porosity, slight bleeding and poor physica 
properties particularly in the heat melted without a 
air blast. Magnesium additions were made both at 
high temperatures and the lower temperatures du¢ 
to the possibility of the formation of a stable mag 
nesium nitride at the lower temperature. However, 


] 





there were no significant differences in either the 
physical properties or in the degree of porosity as 
evidenced by the etched plugs. 


A regular type test bar was poured with each of 
the plugs from Heat No. 6533, 6843 and 6933 described 
above. The physical properties obtained are tabulated 


Fig. 6—Photomi rographs of representative microstructures of cast monel, Heat No. 6553, after treatment with va 
ous deoxiders. Etch—50% HNO, and 50% acetic acid. Mag.—l100X. A, no deoxidation; B, Mg deoxidation abi 
2750 F: C, Fe-Al-Ti deoxidation. 
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Fig. 7—Photomi raphs of aluminum, zirconium and 
lithium-deoxidized bars. Etch—50% HNO, and 50% 
acetic acid. Mag 1, B, C—100X, D—-1700x. A, alu- 
minum deoxidation, Heat No. 6843; B, Ni-Zr deoxida- 
tron, Heat No. 6933; C, Li-Cu deoxidation, Heat No 
66933: D. titantun no-nitride inclusions. Heat No 


6533. 


Fig. 8—Photomicrographs of cast monel specimens, 

Heat No. 6843. Etch 50% HNO. and 50%, acetic acid. 

Mag.—l100X. A, magnesium deoxidation above 2750 

F: B, Fe 1/ T1 deoxidation: C.. Meg and Fe {/ T1 deoxt- 
dation. 


’ 


Fig. 9—Microradiographs of cast monel specimens, 
Heat No. 6843. Mag.—l00X%. A, magnesium deoxida- 


tion above 2750 F; B, Fe-Al-Ti deoxidation; C, Mg and 
Fe-Al-Ti deoxidation. 








566 





2. Plugs treated with titanium, lithium and zircon 
ium, all of which are strong nitride formers, showed 
good shrinkage and sound metal. The presence of the 
deep pipe is significant in showing absence of sufficient 
quantities of absorbed gas which if present exerts an 
internal gas pressure upon solidification, resisting nor- 
mal shrinkage. ‘The physical properties obtained afte: 
treatment with these elements were satisfactory and the 
fractures were sound and silky. 

3. Deoxidation with aluminum showed fairly sound 
metal in the plug with satisfactory physical proper- 
ties in the heat where an air blast was used and a 
“back-up” and porosity in the plug with correspond- 
ing poor physical properties in the heat where no air 
blast was used. 

4. When no deoxidation treatment was utilized, 
the plug and test bar poured from the heat where 
an air blast was uséd showed some pinhole porosity 
and good physical properties while the plugs and test 
bars poured from the two heats melted without an air 
blast, showed gross porosity and poor properties. 


Microstructures 

Figure 5 verifies results shown for etched plugs 
and physical properties obtained from regular test 
bars. che photomicrographs taken from transverse 
sections of the tension specimens from Heat No. 68453 
show gross porosity in the non-deoxidized condition, 
considerable porosity in the magnesium deoxidized 
bars, some porosity in the aluminum deoxidized bar, 


Fig. 10—Sectioned and etched monel keel block risers 
showing effect of air blast on gas absorption during 
melting and its rejection during solidification. As cast, 
no deoxidation. Left, Heat No. 6585 subjected to air 
blast, right, Heat No. F2297, not subjected to blast. 
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Fig. 11—Sectioned and etched monel keel block riser 

showing effect of air blast on gas absorption during 

melting and its rejection during solidification. As 

no deoxidation. Left, Heat No. 6836, subjected to air 
blast, right, Heat No. 6837, not subjected to blast 


a relatively sound structure in the titanium treat 
bar and a slightly more porous condition for t 
titanium and magnesium deoxidized bar. 

Figure 6 illustrates the significant differences 
microstructure between the magnesium deoxidized 
bar and the bars which had no deoxidation and : 
titanium treatment. It will be noted that the mag 
nesium deoxidized bar exhibits the typical solid solu 
tion microstructure for cast monel while the latte 


two show a structure akin to a modified alloy. Photo- 


micrographs of the aluminum, zirconium and lithiun 
treated bars show (Fig. 7) the same tendency as ! 
ported for titanium. The lithium treated bar, howeve 
appeared to show more evidence of dendrite formatiot 

Plugs and test bars poured from the lithium treat 
metal showed excellent fluidity. Production casting 
were satisfactorily poured as low as 2550 F. In the 
bars treated with titanium the presence originally o! 
some soluble nitrogen is established by the identifica 
tion of the insoluble titanium cyano-nitride inclusio! 
shown in Fig. 7. 

In Fig. 8, the photomicrograph which represents 
magnesium deoxidation of Heat No. 6843 (no 4 
blast) illustrates again the gross, interdendritic typ‘ 
of porosity resulting from this treatment while melt 
ing in the indirect-arc furnace. A microradiograp! 
of an adjacent section illustrates this perhaps mort 
forcibly (Fig. 9). Figure 8 shows again the typi@ 
sound structure obtained with titanium deox:idation 
and may be compared with the corresponding mice 
radiograph of an adjacent section which shows 4 
fairly sound structure. Figure 8 also shows thie struc 
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Fig. 12—Sectioned and etched monel plugs showing ef- 
fect of air blast on gas absorption during melting and 
its rejection during solidification. As cast, no deoxida- 
tion. Left, Heat No. 6836, subjected to air blast, and 
right, Heat No. 6837, not subjected to air blast. 


ture obtained atter treatment with titanium and mag- 
nesium. More porosity is in evidence than with straight 
titanium fixation. This is verified by the comparative 
microradiograph shown in Fig. 9. 


Results of Deoxidation Treatments 


rhe conclusions following are indicated by the 
generally poor results shown for all treatments except 
titanium, zirconium and lithium upon melting in the 
indirect-arc furnace, the fact that in the air blast heats 
the results with magnesium deoxidization were inferior 
to those shown for no deoxidization or aluminum de- 
xidization, and the favorable results obtained with 
magneusium deoxidization in the resistor furnace 
would seem to indicate: 

|. Gas absorption by monel metal in the indirect- 
we furnace is greater than in the resistor furnace. 
lt is believed that this increased rate of gas solubility 
is caused by ionization of the furnace atmosphere by 

-. The utilization of the air blast during melting 
in the indirect-arc furnace tends to suppress gas ab- 
sorption during melting. It is believed that this sup- 
pression is due primarily to the decrease in the 
percentage ionization of the furnace atmosphere. 

». When appreciable amounts of the metalloid 
sases are in solution, magnesium acts as either a 
iucleating agent or tends toward compound forma- 
ton with these gases which are unstable at the tem- 
peratures involved, thus causing rejection of the gas 
Upon solidification. 





Effect of Air Blast During Melting 


The tendency of the air blast during melting in the 
indirect-arc furnace to suppress gas absorption and 
final rejection upon solidification, as discussed above, 
is shown more effectively in Figs. 10, 11 and 12. Figure 
10 shows longitudinally sectioned and etched keel 
block risers from heats No. 6585 and F2297. No de- 
oxidation was effected and an air blast was utilized on 
the former heat only. This experiment was rept ated in 
heats No. 6836 and 6837. Here again no deoxidation 
was effected and an air blast was utilized on the former 
heat only. Figure 11 shows one sectioned and etched 
keel block risen from each heat and Fig. 12 shows 
photomacrographs of one sectioned plug from each 
heat. It will be noted that gross porosity is generally 
greater and the amount of “back-up,” indicative of 
rejected gas upon solidification, is also greater in those 
heats in which no air blast was used. 

It will be noted in Table 4 that: 

1. In melting in the indirect-arc furnace with an 
air blast the non-deoxidized regular test bars wer¢ 
barely below the minimum requirements for Navy 
Department Specification No. 46Mig (nickel-copper 
castings) while the non-deoxidized keel block test 
bars showed very poor physical properties. 

2. In melting in the indirect-arc furnace without 
an air blast both test bars showed poor physical prop- 
erties, the keel block properties being inferior. 

3. In melting in the resistor furnace both the keel 
block and regular test bars yielded comparable and 


Fig. 13—Comparative microstructures showing effect 
of air blast during melting. B and D etched with 50%, 
HNO, and 50% acetic acid. Mag.—l100X. A and B, 
Heat No. 6836, aid blast used, no deoxidation; C and 
D, Heat No. 6837, no air blast used, no deoxidation. 
















































As Cast Ca,N, Mg addition to 
No deoxi- 


li addition to 
Nitrogen inoculated Me and N inoculate 
dation 4 02/100 Ib metal, 2 027/100 Ib metal, 4 oz FeAITi/10¢ 


l4—Effect of various deoxidizers on soundness of cast monel inoculated with a nitride. Heat No. F24 


satisfactory properties when non-deoxidized, deoxi- porosity in the non-deoxidized bars melted witho 
dized with magnesium and deoxidized with a combina- air biast. 
tion of magnesium plus titanium. 
These results support previous observations and Effect of Nitrogen Additions 
also indicate that the keel block test bar is more 
sensitive in reflecting gas conditions in the metal pro- In test heat No. F2416, a 11 oz addition of calcium 


duced by furnace atmospheres. The microstructures nitride per 100 lb. of metal was made in order to study 
shown in Fig. 13 also show a greater degree of the effects produced by nitrogen with its subsequent 


I 


15 Photomu ographs of cast monel specimens. Heat Vo. 12416. Etch 0°, HNO, and 50' 
acid. Mag 1 and B, 100: C, 500. A. no deoxidation; and B and C, Ca.N., treated. 














' Fe-Al-1 Mg,N 
t o7 (100 Il Total N added 
0.045 
/ . 7 Effect of titanium on soundness of cast 


nent with magnesium and ferro-aluminum-titan! 
im. Table 5 shows the physical properties obtained 
with 


heat which had been inoculated 


It will be noted that the non-deoxid 


rom a monel 
calcium nitride 
ved as cast regular bar showed satisfactory properties, 
he Ca.N., inoculated showed inferior properties, mag 
nesium deoxidation of the Ca,N, treated metal showed 
slightly lower properties while a titanium addition 
to the Ca,N, treated and magnesium deoxidized metal 
showed satisfactory properties. 
Corresponding plugs sectioned and etched, and cast 
Fig Photomicrographs of cast monel specimens 
. Heat No. F2416. Etch—50% HNO, and 50% acetic 
Mag.—A and C, 100X; B and D, 500. A and 
[¢ deoxidation of Ca,N,-treated monel; C, Fe-Al-Ti 
vidation of Mg and Ca.N,-treated monel; D, 
1l-Ti deoxidation of Mg and Ca,N.,-treated monel 
showing TiCN crystals. 
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Caicium 


o studs 





sequent 


Additiona Fe-Al-Ti to 
MeN, added rogen inoculated he 
Lotal 0.198 eta 0.335 Ti 0.705 
monel inoculated with nitrogen. Heat No. F2475 
with the above bars are shown in Fig. 14. It will be 


noted that as cast, non-deoxidized plug showed some 
pinhole porosity and no shrinkage. The satisfactory 
physical properties shown by the corresponding regu 
lar bar can be attributed, as shown before, to design 
or fast cooling rate of the metal which tends to keep 
in Lhe 


plug inoculated with Ca,N, showed an increase in 


absorbed gas solution solidification. 


~ 


upon 


pinhole porosity, no shrinkage, and bulged conside 


ably at the base. This bulging or swelling can be 


attributed to the increase in internal gas pressure upon 


Fig. 18—Photomu rographs of cast monel treated with 


Meg.N., and subsequently deoxidized with Fe-Al-T1 
Etched. Mag.—A, B, D, 100; C, 500> {, no deoxi 
dation; B and C, Mg.N.-treated monel (0.198% 
N. by weight added); D, Fe-Al-Ti deoxidation of 


treated monel. 
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570 DEGASIFICATION OF CAs} 
Tas_e 4.—Errecr or Various DEOXIDIZERS ON THE PHYSICAL PROPERTIES OF CAST MONEL INOCULATED \ 
Nirripe. (Heat No. F2416) 





Yield Elongation 
Point Ultimate (percent) Tapping 
Treatment Deoxidizer Psi Psi in2in. Temp. °F 


TONITE AS cast 
NO os . ~ : 
NONI (No Deoxidation) 


NONE 





11% Oz. of CasNe : " ai 
. oz magesium per 


per 100 lb of molten 100 lb. molten metal 

4 Oz Fe-Al-Ti per 100 lb 

metal plunged into ladle of molten metal plunged 37.500 
into Mg deoxided metal 





TABLE 5.—COMPARISON OF PHYSICAL PROPERTIES BETWEEN KEEL Biock Test Bar & REGULAR Bar 





Specimen Yield Ultimate 
No. Point, psi Strength, psi 
35,500 62,625 
29,000 37,000 
38,750 83,325 


Type of Deoxidizer 
Heat No Furnace Air Blast Test Bar =e per 100 lb. 





6885 INDIRECT USED Regular NONE 
ARC Keel NONE 
Regular 4 Oz—Fe-Al-Ti 
1 1 2 Oz— Mg 
F2297 INDIRECT NONE Regular NONE 
ARC Keel NONE 
Regular 4  Oz—Fe-Al-Ti 
1} 2 Oz— Mg 
6836 INDIRECT Regular NONE 
ARC Keel NONE 
6837 INDIRECT } Regular NONE 
ARC Keel NONE 
6629 RESISTOR ) Regular NONE 
Keel NONE 
Regular 1% Oz—Mg 
Keel 1% Oz—Mg 
Regular 4 Oz—Fe-Al-Ti 
1144 Oz—Mg 
Keel 4 Oz—Fe-Al-Ti 
14% Oz—MG 


whe 


28,000 35,125 
DEFECTIVE BARS 
41,250 77,000 


WwW he 


37,750 63,750 24.0 
33,500 48,750 15.0 
31,500 50,500 12.0 
32,750 42,000 
40,750 81,500 
33,500 80,750 
40,500 82,000 
42,250 80,375 
40,000 82,500 


38,000 78,125 


Ur WN Who Wh 


a 





Fig. 19—Effect of hydrogen additions on soundness of cast monel and its subsequent treatment with titanium 


As Cast CaH, added CaH, added CaH, added Fe-Al-Ti Fe-Al-Ti Fe-Al-Ti 
No deoxi- (.00149%) (.0059%) (.0071% (.0933%, Ti) (.3733% Ti) (59% Ti) 
dation H, (Total H,) (Total H,) (Total) (Total) 

PHYSICAL PROPERTIES 


Y.P., psi 41,500 40,250 40,000 35,750 , 42,000 43,000 


r.S., psi 82,000 82,500 64,000 49,000 ‘ 75,000 86,125 
El., % in 38.5 40.0 19.5 14.0 i 34.0 23.0 


0 
2 in. 











Fig. 20—Photomicrographs of cast monel treated with MH3A, 0.0071%, H, added; E, MHT4A, Fe-Al-Ti 


iulcitum hydride and subsequently deoxidized with deoxidation of 0.0071% H, monel; F, MHT5A, adadt- 
Fe-Al-Ti. Heat No. F2460. Etched with 50% HNO tional Ti added to monel represented by E; G, addi- 
nd 50% acetic acid except L and M, as polished. Mag. tional Ti added to monel represented by F; H, MH1A, 
{ thru G and L, 100X; H, J, K and M, 500X. A, as 0.001499, H, added; ], MHT74A, additional Ti added 
ist MIA, no deoxidation; B, MH1A, 0.001499, H, to monel represented by F; K, MHT7A, polarized 
idded by weight; C, MH2A, 0.005979, H, added; D, light, crossed nichols, additional Ti added to monel 





represented by F; L, MHT7A; M, MHT7A. 
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solidification of the metal. 

Magnesium deoxidation of the Ca,N, treated metal 
showed gross porosity at the top of the plug with a 
corresponding reduction in the swelling effect. 
itanium treatment of the Ca,N. treated and mag 
nesium deoxidized metal exhibited piping in the plug 
and sound metal. The microstructures shown in Figs. 
15 and 16 confirm the results shown in the photo 
macrographs of the etched plugs and in the physical 
properties obtained. 

Another test heat (F-2475) was run in which mag- 
nesium nitride was introduced. Figure 17 shows six 
sectioned and etched plugs from this heat. The first 
received no deoxidation; the second was_ treated 
with ferro-aluminum-titanium. In the third, approxi- 
mately 0.095 per cent nitrogen by weight was added 
to the molten metal in the form of magnesium nitride 
(26.6 per cent N,). Fo the fourth, an additional 0.103 
per cent nitrogen was added to the metal remaining 
after the third plug was cast making a total nitrogen 
addition of 0.198 per cent. ‘Twenty-four ounces of 
Fe-Al-Ti/100 lb. were plunged into the remaining 
metal and the fifth plug was cast. An additional 28 
oz of Fe-Al-Ti/100 lb. were added to the remaining 
metal for the sixth plug. 

Small plugs were cast without any corresponding 
bars in order to treat the smallest volume of metal 
in an effort to achieve nitrogen bleeding. To this 
extent, the experiment failed but the general effects 
noted above for the calcium nitride additions were 
indicated here. The microstructures shown in Fig. 18 
confirm the results obtained on the etched plugs. 








Calcium Hydride Added 

Effect of Hydrogen Additions in Cast Monel—In 
heat No. F2460 successsive additions of calcium hydride 
were made to the molten metal in the furnace. The 
metal was then treated with increasing amounts of 
titanium. Plugs and regular test bars were cast after 
each addition. Photomacrographs of the sectioned 
and etched plugs, together with the physical results 
and photographs of the test bar fractures are shown 
in Fig. 19. The first plug represents the control and 
was not deoxidized. To the second plug, approxi- 
mately 0.0014 per cent hydrogen by weight was intro- 
duced into the remaining metal in the furnace. The 
third plug represents a total of 0.0059 per cent hydro- 
gen by weight introduced, while in the fourth a total 
of approximately 0.0071 per cent hydrogen by weight 
was introduced. The fifth represents treatment of the 
“fourth plug metal” with approximately 0.0933 per 
cent titanium. The sixth represents treatment of 
“fifth plug metal” with an approximate additional 
0.28 per cent titanium, The seventh plug represents 
treatment of “sixth plug metal” with an approximate 
additional 0.22 per cent titanium. 

It will be noted in Fig. 19 that the increasing addi- 
tions of hydrogen serve to increase gas porosity and 
that subsequent additions of titanium tend to elimi- 
nate it. Note the swelling, sand fusion and gas porosity 
in plug No. 4, which represents the heaviest hydrogen 
addition and the shrinkage and microstructure of 
plug No. 7 which represents the heaviest titanium 
addition. The physical properties obtained from regu- 
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Fig. 21—Microradiographs of cast monel treated with 
calcium hydride and deoxidized with Fe-Al-Ti. Mag 


100x. Left. MH3A, 0.0071% added by weig/ ht 
MH7A, titanium deoxidation of MH3A im 





lar test bars and an examination of the test bar frac 
tures show this condition perhaps even more forcib]) 
The heaviest hydrogen addition showed poor physica! 
properties while the first titanium addition yielded 
unsatisfactory properties. 

The microstructures shown in Fig. 20 confirm the 
results obtained from the etched plugs and test bars 
The increasing degree of porosity with increasing 
hydrogen additions and the sound structures obtained 
by subsequent treatment of the hydrogen inoculated 
metal with titanium will be noted. With the heavier 
titanium additions, the tendency for solidification i1 
a dendritic pattern is marked. The black areas shown 
in A of Fig. 20, for example, are not voids but struc 
ture, as evidenced by a comparison of A, B and Ff. 
This constituent has been observed in cast mone! gen- 
erally but not to the extent it appears with the heavie 
titanium additions. It is believed that it is a complex 
carbon compound but positive identification of this 
constituent cannot be given at this time. 

The degree of porosity evident in the heaviest 
hydrogen treated sample and the relative soundnes 
after degasification with titanium is shown in Fig. 2! 

It has been shown that both nitrogen and hydro- 
gen can detrimentally affect the soundness and quality 
of cast monel and that titanium can make these effects 
innocuous. However, it has not been shown that 
either gas was specifically responsible for the original 
difficulty encountered in normal melting in the ind: 
rect-arc furnace. Nevertheless, due to the extreme 
care exercised in eliminating sources of hydrogen i 
both the resistor and indirect-arc furnace, it is be 
lieved that in the problem under study, nitrogen was 
the chief offender. 


Conclusions and Summary 


The following specific conclusions can be derived 
from the results of the experimental evidence shown 
above: 

1. Ionization of a furnace atmosphere during the 
melting of cast monel in the indirect-arc furnace <0 
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materially accelerate the amount of gas absorbed and 
juently rejected during solidification. 
Magnesium, the utilizatien of which is norma] 
practice in many commerciai foundries melting monel 
wil yt function effectively as a degasser in indirect 
arc {urnace practice. 

8. Titanium, lithium, and zirconium will eliminat« 
nitrogen porosity in cast monel by the formation of 
stable nitrides. 

{, Titanium will suppress hydrogen porosity in cast 


Che keel block test bar is a more sensitive indi- 
cator of metal quality than the regular test bar. 
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DISCUSSION 


Chairman: G. P. HALLIWELL, H. Kramer & Co., Chicago 
Co-Chairman: B. M. Lorinc, Naval Research Laboratory 
Washington, D. ¢ 

Dr. G. H. Cramer’: Why should the keel-block test bar be 
more sensitive to gas absorption phenomena with monel metal 
and less sensitive with the 85-5-5-5 alloy 

Mr. Ames: The reason why the keel-block test bar is more 
sensitive in reflecting gas conditions in monel is because the 
section thicknesses are much greater, and the gas is not held 
in solution so readily. The other type bar (Fig. 1) which cools 
at a relatively fast rate, absorbed gas in solid solution. We have 
had no experience with this type (Fig. 1) of bar on the 85-5-5-5 
alloy 

MempBer: What is the effect of the return charge, Le., re 
charging scrap, on physical properties 

Mr. Ames: We normally run 85 per cent return scrap. In 
production of monel metal we run 75 per cent returns without 
ill effects on the physical properties of the metal 

Member: What would be the limits of sulphurs in the metal? 

Mr. Ames: We limit monel to 0.03 per cent or less sulphur 
because sulphur is detrimental to casting properties. A sulphide 
considerably detrimental to physical properties begins to form 
when the sulphur content exceeds this limit. We try to keep 
lead out completely to 0.000 per cent 

Dr. Lorinc: The authors have made an important investiga 
tion which should be of great assistance to foundries casting 
the monel alloys. Evidently, these alloys may be subject to 
distributed shrinkage like that of the tin bronzes, or to an 
external shrinkage like that of manganese bronze, depending 
upon the method of deoxidation. Such phenomena contribute 
to many of the difficulties in producing castings 

The conclusion that ionization or dissociation of the furnace 
atmosphere during melting causes increased gas absorption 
appears to be plausible. It is surprising sometimes how long 
dissociated gases will stay dissociated Ihe catalytic effect of 
the material in the wall of the reaction chamber and the tem 
perature of the furnace are important factors. The importance 


of these factors could call for different types of gas reactions 
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NON-DESTRUCTIVE TESTING OF STEEL CASTINGS 


Report of the 





Steel Division Committee 


THE DEVELOPMENTS in the field of non-destruc- 
tive testing during the year April, 1946 to April, 1947 
have not been extensive and there have been but few 
outstanding contributions to the literature. 

Perhaps the most interesting development is that a 
joint Committee has been formed between the various 
branches of the Army and Navy with the addition of 
other Governmental bodies for the purpose of review- 
ing all non-destructive procedures, specifications and 
standards and the formulation of unified requirements. 
It is our understanding that this Committee has effected 
considerable progress and that perhaps during this 
coming year Industry will be advised of the results of 
some of their efforts. It is the opinion of your Com- 
mittee that such an effort is definitely worthwhile and 
it is our hope that the various industry committees will 
have an opportunity to review and comment on their 
findings prior to their adoption by the government 
bodies. 

During February, 1947 the Standards Committee of 
American Society of Testing Materials approved of the 
Radiographic Standards for Steel Castings that was 
adopted by Committee E-7, ASTM. These standards 
are the same as those prepared and issued by the Bureau 
of Ships on July 1, 1942. The text material has been 
changed somewhat to conform to commercial require- 
ments. 


New Methods Tried 


Supersonic testing has moved forward during the 
year and it is believed that most of those that are inter- 
ested in non-destructive testing have seen demonstra- 
tions and read authoritative articles on its use. A few 
steel casting companies have or are using the Sperry 
Company’s reflectoscope, however, as yet reports on 
the use for steel castings has not been issued. 

Your Non-Destructive Testing Committee reviewed 
its activities again as they did last year. The Commit- 
tee reaffirmed that a report should be made yearly on 
the developments in the non-destructive testing field 
as applied to steel castings. And also while no meeting 
of the Committee were held during the past year it is 
believed advisable that the Committee be continued 
with the thought that they may be able to be effective 
when the joint government committee makes public 
its recommendations on non-destructive testing. 

In line with the policy established during past years, 
this report presents a review of only those articles the 
subject of which is related to the non-destructive test- 
ing of steel castings. These articles are listed as an 
appendix to this report. 


of A.F.A. 
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CORRELATION OF STRUCTURE AND PROPERTIES 
OF 85-5-5-5 ALLOY TEST BARS 


By 


J. G. Kura* and L. W. Eastwood* 


ABSTRACT 


\Vicroradiographic techniques were employed in this study 
n six different test-bar designs. Gas content of melt has no 
noticeable effect upon size, shape, and distribution of lead 
particles. In general, for a given quality and test-bar design, 
the amount of microporosity decreases with decreasing pouring 
temperature. Microporosity is accentuated by gas evolution and 
jecreases markedly with decreasing temperature. Shrinkage 
tends to increase with decreasing pouring temperature. 

The effect of test-bar design on the amount, size, shape, and 
listribution of the microporosity and the size, shape, and dis- 
ribution of the lead is apparently a function of (1) rate of 
oling and (2) manner of feeding. The test section of the bar 
which solidifies most slowly has the most microporosity. 

Localized shrinkage is produced by lack of proper feeding. 
The microradiograph should not be depended upon to reveal 
shrinkage; whereas, the fracture is a reliable criterion for this 
aefect 

The actual effect of melt quality, test-bar design, and pouring 
temperature on the mechanical properties obtained will depend 
upon the net effect of (1) microporosity, (2) lead particle size 
ind distribution, and (3) tendency to form localized shrinkage. 
The three main structural features which mainly determine 
the tensile properties of 85-5-5-5 alloy are: 

Quantity and distribution of microporosity. 
Size, shape, and distribution of the lead particles. 
Occurrence of localized shrinkage. 


Introduction 

\ CONSIDERABLE STUDY HAS BEEN MADE of test 
bars of 85-5-5-5 alloy for the Non-Ferrous Ingot Metal 
Institute. This study included an investigation of the 
relation of melting practice to melt quality and the 
method of measuring this melt quality by the employ- 
ment of test bars.t As part of this investigation, it has 
deen necessary to accumulate certain basic informa- 
tion to facilitate proper understanding of the data. 
This led to a correlation of melt quality, test-bar de- 
‘ign, and pouring temperature with the fracture, test- 
bar properties, and structure as revealed by micro- 
radiography. 

Some effort was expended in an attempt to apply 
uetallographic technique to the study of the struc- 
ture of 85-5-5-5 alloy. The problem was quite diff- 
ult, however, because the structure varies consider- 


*Rescarch Engineer and Assistant Supervisor, respectively, Proc- 
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ably from one part of the cross section to another, 
making it desirable to reproduce the entire cross 
section of a test bar. This meant that low magnifica- 
tion of about 15 diameters was desirable. However, at 
this magnification, many difficulties were encountered 
with the metallographic technique because of (1) the 
relief developed on the surface, (2) the tearing out 
of the lead particles, and (3) the inability to distin- 
guish between porosity and lead because both ap- 
peared dark on the print at this magnification. 

It was decided, therefore, that the microradiograph- 
ic technique might offer possibilities, and this was in- 
vestigated and developed until it was a highly satis- 
factory means of reproducing the structure of the en- 
tire cross section of the test bar. It is not necessary to 
describe the entire procedure in detail, but the succes- 
sive steps in the preparation of the microradiographs 
are as follows: 

1. The preparation of representative thin sections 
of the metal by machining, and then grinding these 
sections on a surface grinder to about 0.0005 in. in 
thickness. 

2. The exposure of these thin sections to the X-rays 
from a molybdenum target, employing a fine-grained 
film. 

3. The development of the X-ray film and enlarg- 
ing the image about 15 times. 

The general effects of test-bar designs, melt quality, 
and pouring temperature on the test-bar properties 
have been described elsewhere.1. A good correlation 
has now been obtained between these three factors 
and the structure, fracture, and test-bar properties. 
While several score of radiographs have been made, it 
is sufficient to illustrate this correlation by the sixteen 
typical microradiographs, Fig. | to 12 and 19 to 22, 
inclusive. 

The interpretation of the microradiographs is 
simple since the lead is represented on the’ prints as 
dark specks, the porosity by white irregular areas, and 
the solid-solution alpha phase as a half-tone back- 
ground. In contrast to a metallographic polished sec- 
tion, the microradiographic specimen is of finite thick- 
ness, and, therefore, the size and shape of the lead 
particles and porosity are clearly delineated. 

The microradiographic structure of six different 
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was completely melted 
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{ with th maintain a glass-slag cover at all 


Glass charged times 
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Paste 1.—Datra on Test Bars ILLUSTRATED BY MICRORADIOGRAPHS, Fics. | To 12, INCLUsIV: 
Mechanical Properties _—— 
Section Pouring Tensile Elonga- — 
Figure Magnifi Heat I hickness Dest-Bat Temp., Strength, tion, Fracture* Melt 
No. cation No Inch Design k psi. Per Cent Rating Quality ; 
| l X15 16711 0.0064 L.T.B.-2 2220 29 600 18.5 2BG Very low I Ci 
2 X15 16711 0.0053 fi 2155 34,100 25.1 2AG 2 
| 3 X15 1671 PL 0.0062 2035 31,100 17.5 2AG! 
4 X15 A-1715¢ 0.0045 L..1.B.-2 2240 39,200 $3.2 2C(C) High Lal 
5 X15 \-17151 0.0064 sa 2140 39,390 44.6 2C(C) 5 
6 X15 \-I71I5OL 0.0058 2035 37,000 27.9 2BG(S) 
7 X15 \-1715Bl 0.0059 Hor. 54 in 2245 36,600 36.8 2CG High Lot 
web-Webbert 
8 X15 \-17151 0.0043 - 2105 38,100 $1.0 2CG 
9 X15 A-I7I5NI 0.0066 2040 38,800 58.4 2CG 
| 10 X15 \-1715EI 0.0060 Mod. 5 in 2230 38,300 37.6 2CG High F, LoC 
| web-Webbert 
ll X15 \-I715H 0.0050 ” 2145 36,900 39.6 2CG 
/ 12 X15 \-1715P 0.0057 2030 39,100 33.0 2CG 
| * Fracture ratings as tollows 
2AG—Large amount of coarse coppery areas, generally distributed, indicating heavy mucroporosity 
2BG—-Some coppery areas, generally distributed, indicating some mucroporosity 
2CG—Small amount of fine coppery areas, generall ibuted, indicating a small amount of microporosity 
C(C)—Small amount of fine coppery areas, not eg distributed, indicating a small amount ot microporosity 
’BG(S)—Some coppery areas, generally distributed, indicating some microporosity with localized shrinkage 
'—Some localized shrinkage may have been present 
ri—High-trequency induction furnace 
Le—Clay-graphite lining 
( Method of charging consisted of forming a molten heel, reducing the power 1 adding ingot or piece of scrap a t ntil the ent 






































test-bar designs was investigated, but only three of the 
designs, the Modified 5/8-in. web-Webbert, the Hori- 
zontal 5/8-in. web-Webbert, and the L.T.B.-2, will be 
illustrated in some detail here because they represent 
moderately slow, intermediate, and rapid solidifica- 
tion rates of the test section. Sketches of these three 
test-bar designs are shown by Fig. 13. Complete draw- 
ings of these designs have been shown elsewhere.’ 
Data pertaining to each of the first twelve micro- 
radiographs are listed in Table 1. The microradio- 
graphs are listed in four groups of three each. The 
first group of three shows the effect of pouring tem- 
perature on the structure of the L.T.B.-2 test bar 
poured from a melt of very poor quality; namely, high 
gas content.' The second group shows a similar series 
representing the same test-bar design poured from a 
melt of high quality, or low gas content. This and the 
following two groups represent nine test bars poured 
from the same high-quality melt, and the nine micro- 
radiographs taken together show the effects of test- 
bar design and a comparison of the effects of pouring 
temperature on the structure of test bars of the three 


different designs. 






Effect of Melt Quality 
\ comparison of Figs. 1, 2, and 3 with Figs. 4, 5, and 

6, respectively, clearly shows the effect of melt quality, 

since the only variable represented by the two groups 

of figures is the difference in the gas content of the 

melts from which the two sets of bars were poured. 

It will be noted that the amount of microporosity is 

much greater in the bars poured from a gassy melt, as 

represented by Figs. 1, 2, and 3. This accentuation 

of microporosity with increasing gas content of the 

melt is important because the lower tensile proper- 

ties accompanying the larger amount of microporosi- 
ty make it possible to use test bars as a measure of 
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melt quality or gas content. Without this effect, test 
bars as a measure of melt quality in the foundry 
would be practically useless. 












Fig. 13—Sketches of three test-bar designs studv d 
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ligs. 1,2, and 3 (See Table 1 for pertinent data) a 
lume of mic roporosity (light areas) occurs in all 

e bars because of the high gas content of the melt. 

5 clearly illustrated by the comparison with Figs. 
ind 6, representing an exactly similar series poured 
imelt of lowe gas content. As ompared with the 


wn by Fig. 1, the lower pouring temperature em 


Fig. 1 








ployed for the bar illustrated by hig 2 has produced 
finer microporasity. As a result, the elongation value 
is higher. Because of the still lowe; pouring tempera 
ture, Fig. 3 shows less but coarser porosity and, in addi 
tion, the lead particles (dark specks) are more angular. 
Consequently, the elongation value ts lower than that 
of the bar represented by Fig. 2. 
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Figs. 4, 5, and 6 (See Table 1 for pertinent data) as 
compared with Figs. 1, 2, and 3, show a much smaller 
volume of microporosity (light areas) because of the 
lower gas content of the melt. The effects of pouring 
temperature on lead distribution (dark specks) are 
about the same as those observed for Figs. 1, 2, and 3. 
The coarse, generally distributed porosity noted on the 
fracture of the bar represented by Fig. 6 is also observed 
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as light areas on the microradiograph. This coarse p 

osity contributes to the low elongation value. Expe 
ence has indicated that coarse. porosity is especially ass 
ciated with this cast-to-shape design poured at a lou 
temperature. This defect probably is shrinkage, somé 
times quite localized, and it is a result of inadequate 
feeding which accompanies the low pouring tempe! 


(ure. 
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Fig. 7 


Figs. ‘ o s, and 9 (See Table I foo pe rtinent data) lowe? tensile properti s at the two highe sf pouring 
use of the slower rate of solidification in the test temperatures. The angular lead (dark specks) again 
m of this test-bar design, the amount of micro occurs at the lowest pouring l¢ m pe rature as shown b 
sity (light areas) ts greater than that shown by Figs. Fig. 9. The elongation value. of the bar represented b 


, Hi but the le ad particle size ws somewhat more hig. Y 0s. however, higher than that of the bar illus 


rable because it is slightly coarser at the two high trated by Fig. 6, largely because of the absence of local 


uring temperatures. The net result of these two ized shrinkage “As indicated hy the fracture rating w 


ts, one favorable, the other unfavorable, ts slightly Table 1. 
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In Figs. 10, 11, and 12 (See Table 1 for pertinent 
data) the test section of this bar design solidifies even 
more slowly than the test section represented by the 
preceding series of three microradiographs. Asa result, 
the lead (dark specks) is coarser at the high and medium 
pouring temperature and ts, therefore, more favorable. 
Because of the slower solidification rate, the amount of 
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microporosity (light areas), however, is accentu 
throughout the entire pouring-temperature 

Representing the lowest pouring temperature, tg 
shows more angular lead particles and more m 
porosity than is shown by Fig. 9. The net resul 


lower elongation value. 
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Fig. 19 


1m crovadiograph of 85-5-5-5 alloy at X15 showing high degree of soundness is a direct result of the high 
Horizontal 54-in. web-Webbert bar, A-767A, poured melt quality. Dark specks are lead partv les, light areas 
2157° F. producing 37,200 pst. and 44.3 per cent are microporosity. Compare with Fig. 20. 


ition with a fine gray fracture. The relatively 
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Fig. 20 


1 microradiograph of 85-5-5-5 alloy at X15. Same as 
Fig. 19, but the bar, A-767B, is from a Navy keel block 
poured at 2170° F., producing 27,100 pst. and 14.3 per 
cent elongation with a coarse, open fracture. Ata pow 
ing temperature. of 2065° F., the tensile properties were 
only 32,700 pst. and 21.8 per cent elongation. This 





microradiograph clearly shows the coarse, angu 


(dark specks) and coarse microporosity (light areas 


causing the low properties, despite the high qualit 
the melt in the pot. Relative large changes in gas 


tent would be required before a noticeable change 


i 


tensile properties would occur. Compare with Fig 
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Fig. 


microradiograph of 85-5-5-5 alloy at X15, showing 

zontal 54-in. web-Webbert bar, A-871K poured 
2100° F.., producing 38 000 pst. and 38 per cent 
gation with a fine gray fracture. A similar result 
‘also obtained at a pouring temperature of 2170° F. 
structure is conducive to good properties because 
mount of microporosity (light areas) is moderate 
he lead distribution (dark specks) is mostly favor 


able with some. angular particles produced as a result 
of the moderately low pouring temperature. Had all 
the lead particles been rounded, the tensile properties 
probably would have been quite high because the bar is 
relatively sound. With high quality melts, such as the 
one represented here, this design produces high prop 
erties. The light streaks near the center are caused by a 
slight abrasion of the X-ray film. Compare with Fig. 22. 











Fig. 


1 microradiograph of 85-5-5-5 alloy at X15. Similar 
to Fig. 21, except that the bar, A-871 O, is the British 


D.T.D., poured at 2070 , producing 34,400 psi. and 
27.5 per cent elongation, and a fine gray fracture. Com- 
pare with Fig. 21. In this instance at least, the lead 
particles (dark specks) are almost continuous with a 
slight tendency to form a lead-filled centerline shrink- 
age. The undesirable lead distribution and the center- 
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line shrinkage cause low properties. Probably 
reasons, the D.T.D. bar produces generally | 
erties, even with good quality melts such as 
represented here, masking the effects of micre 
and the gas content of the melt. The light stre 
the center are caused by a slight abrasion of 


film. 
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effect of melt quality on the occurrence of mi- 
sity illustrated by the comparison of Figs. 1, 
? 


3 with Figs. 4, 5, ad 6 is typical, although it 
be noted that the amount of microporosity de- 


net also upon the test-bar design and pouring 
temperature. But, for a given test-bar design and 
pouring temperature, the amount of microporosi- 
tt considerably increased with an increasing gas 


content of the melt. This is also evident on the frac- 
ture rating because porosity is indicated by an open, 
coppery or discolored area on the fracture. 

A omparison of many other microradiographs, not 
illustrated here, indicates that the gas content of the 
melt has no noticeable effect upon the size, shape, and 
jistribution of the lead particles. This is somewhat 
confirmed also, by a comparison of Figs. 1, 2, and 3 
with Figs. 4, 5, and 6, respectively. 


Effects of Pouring Temperature 


[he effects of pouring temperature on the struc- 
ture of 85-5-5-5 alloy are somewhat more complex 
than the effects of melt quality because both the por 
osity and the lead distribution are affected. Figures | 
9 and 3 show the effect of pouring temperature on 
the structure of the L.T.B. test bars poured from a 
melt of poor quality, whereas Figs. 4, 5, and 6 show a 
similar effect of pouring temperature when the test 
bars are poured from a melt of high quality. Figures 7, 
8, and 9 show the effect of pouring temperature on 
the structure of the Horizontal 5/8-in. web-Webbert 
test bar poured from the same melt of high quality, 
whereas Figs. 10, 11, and 12 
pouring temperature on the structure of the Modified 
5/8-in. web-Webbert test bar also poured from the 
same high-quality melt. 

In general, for a given melt quality and test-bar de- 


show a similar effect of 


sign, the amount of microporosity decreases with de- 
creasing pouring temperature. As will be described in 
more detail later, the decrease in the amount of mi- 
croporosity with decreasing pouring temperature is 
greater in the L.T.B. and least in the Modified 5/8-in. 
web-Webbert. The position of the Horizontal 5/8-in. 
web-Webbert is intermediate between the other two. 
In other words, while the amount of microporosity 
decreases with decreasing pouring temperature in all 
designs, the amount of the decrease is somewhat de- 
pendent upon the test-bar design, because the decrease 
apparently is less the slower the solidification rate of 
the test section of the bar. 
here is some tendency for the porosity which does 
ain in the bars poured at the lowest temperature 
be coarser than that obtained at an intermediate 
pouring temperature. This is well illustrated by com- 
son of Figs. 2 and 3 and Figs. 5 and 6. Experience 
has shown that this tendency for the porosity to be 
urser at the lowest pouring temperature, is more 
pronounced when the bars are of cast-to-shape design, 
such as the L.T.B. or possibly the Crown type. These 
bars are not adequately fed, and localized shrinkage 
irequently occurs. If shrinkage occurs with columnar 
grain, it is of the centerline type, but when the grains 
re equiaxed, the shrinkage occurs as coarse more 
generally distributed cavities, as illustrated by Fig. 6. 
Microporosity is accentuated by gas evolution and de- 





creases markedly with decreasing pouring tempera- 
ture. On the other hand, shrinkage tends to increase 
with decreasing pouring temperature. This is caused 
in part, at least, by the decreasing microporosity 
which normally compensates for part of the contra 
tion during solidification. 

The most noteworthy effect of pouring tempera 
ture on the size, shape, and distribution of the lead 
particles is the occurrence of angular lead, rather than 
round or oval-shaped particles, at the lowest pouring 
temperature. This is true for all designs and is well 
illustrated by Figs. 3, 6, 9, and 12. These angular lead 
particles accompany the formation of equiaxed grains 
at the lowest pouring temperature. The macrographs 
at X3, accompanying each of the microradiographs, 
clearly indicate that the angular lead particles are 
associated with the finest equiaxed grains. 

There is some indication that, as the pouring tem 
perature is decreased from a high temperature neat 
2995° F. to an intermediate one near 2150° F., the 
lead particle size decreases slightly. This refinement 
of the lead particle when the pouring temperature 1s 
decreased from 2225° F. to 2125° F. is only slight and 
requires careful study. The size of the lead particle is 
best judged by the amount of space between them, 
since the quantity of lead is approximately the same 
in all of the specimens. This is admittedly difficult be- 


9 r 


cause, in a section 0.005-in. thick, there are to 5 
lead particles at various levels and their images are 
superimposed on the print. If the particles at the 
various levels are directly in line with the X-rays, they 
appear as one particle; if not, they may appear as one 
elongated particle or a series of separate particles. 
Examination of the prints with a hand lens will show 
that many of the elongated particles are actually a 
series of rounded particles, closely associated. The 
microradiographic technique is the most useful when 
the thickness of the section is of the same order of 
magnitude as the structural detail of maximum in- 
terest. This would mean sections about 0.002 in. thick 
instead of 0.005 in., but such sections offer additional 
difficulties. Had they been used, however, the lead 
distribution would have appeared much more geo- 
metrical and orderly, and the exact size and spacings 
of the particles would be much more apparent. 


Effect of Test-bar Design 


The effect of test-bar design on the amount, size, 
shape, and distribution of the microporosity and the 
size, shape, and distribution of the lead is apparently 
a function of (1) rate of cooling and (2) manner of 
feeding. In general, the test section of the cast-to- 
shape bar, such as the L.T.B.-2, solidifies the most 
rapidly, that of the Horizontal 5/8 in. web-Webbert 
second, whereas the Modified 5/8-in. web-Webbert is 
the most massive and the test section solidifies the 
most slowly of the three designs. Entirely in conformi- 
ty with known metallurgical phenomena, for a given 
pouring temperature and melt quality, the amount of 
microporosity increases in these three bars in the 
order listed. A keel block would, of course, solidify 
still more slowly and contain still more porosity, as 
illustrated by a comparison of Figs. 19 and 20. Further- 
more, for a given high or intermediate pouring tem- 
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perature, as illustrated by a comparison of Figs. 4, 5, 
7, 8, 10, and 11, the lead particle size tends to increase 
quite noticeably in the same order. In the case of a 
keel block, however, the lead is not only very coarse, 
but quite angular at a normal pouring temperature, 
as shown by a comparison of Figs. 19 and 20. Appar- 
ently, the optimum lead distribution occurs at cool- 
ing rates about comparable to that which occurs in 
the Modified 5/8-in. web-Webbert. 

Although it is not clearly illustrated on the accom- 
panying microradiographs, the examination of several 
score microradiographs has indicated that the average 
tendency to form angular lead at the lowest pouring 
temperature appears to be about the same in at least 
six different designs investigated in some detail, but 
the test sections of all these six designs solidified as 
rapidly or more rapidly than that of the Modified 
5/8-in. web-Webbert. Various heats differ somewhat 
in their tendency to form fine equiaxed grains at low 
pouring temperatures and in other respects as well, 
so that the tendency to form angular lead particles 
varies somewhat, also. 


Localized Shrinkage 


Localized shrinkage is produced by the lack of 
proper feeding. As a result, there is inadequate com- 
pensation of the contraction which occurs during 
solidification. As previously noted, the tendency to 
form localized shrinkage is greater the lower the pour- 
ing temperature. It occurs quite frequently in the 
cast-to-shape L.T.B. test bar poured at the lowest 
temperature. That is, the two factors, low pouring 
temperature and rapid solidification of the test sec- 
tion, which tend to reduce the volume of microporosi- 
ty, accentuate localized shrinkage probably because 
the microporosity normally tends to at least partially 
compensate the solidification shrinkage. 

Localized shrinkage of the centerline type also oc- 
curs in Crown bars, not illustrated here, but rarely in 
the Horizontal 5/8-in. web-Webbert or the Modified 
5/8-in. web-Webbert bars. Since the centerline shrink- 
age is highly localized, it may or may not appear on 
the micrograph, depending upon whether or not the 
section happened to be taken from a place in the bar 
containing the shrinkage. Localized shrinkage is most 
readily observed on the fracture where it appears more 
or less near the center of the 85-5-5-5 alloy test bar as 
a light reddish or coppery colored area corresponding 
to the cavity. As indicated in Table 1, the occurrence 
of shrinkage on the fracture is shown by the § attached 
to the fracture rating. Therefore, the microradiograph 
should not be depended upon to reveal shrinkage; 
whereas, the fracture is a reliable criterion for this 


defect. 


Correlation of Structure and Tensile Properties 


Keeping in mind the above effects of pouring tem- 
perature, melt quality, and test-bar design on the 
structure of the bar, a correlation with the tensile 
properties can be readily made. It is entirely within 
expectations that the tensile strength and elongation, 
especially the latter, would be adversely affected by 


the occurence of microporosity. The larger the 


amount and the coarser it is, the more adverse the 






PROPERTIES OF 85-5 





effect. Consequently, any factor such as 
gas content, decreased pouring temperatur 
selection of a test-bar design having a highe of 
solidification will tend to increase both th: 
strength and the elongation values, all oth: hates 
the same, because the amount of micropor 
decreased. 

The effect of lead particle size on the tens rop 
erties is not quite so evident. In 85-5-5-5 alloy of 
constant lead content, the volume of lead remains th, 


same though the size, shape, and distribution does 
not. It should be noted that the lead particles ay 
substantially without strength and, therefore, do not 
contribute to the ductility or strength of the bar 


Consequently, if the lead particles are coarse angular 
they have a greater adverse effect than if they are 
rounded. Apparently, however, this angular lead has 
a greater adverse effect upon the elongation value 
than upon the tensile strength, because the latter 
invariably increases as the pouring temperature js 
decreased to low values. The angular lead particles 
produce a notch effect and in conformity with such 
a phenomenon, the ductility is the most adverse] 
affected; whereas the tensile strength is certainly much 
less damaged. It appears quite likely also that the 
finer the rounded lead particles, the more adverse the 
effect they have upon the tensile properties, particu 
larly the elongation. Similar effects have been noted 
in malleable cast iron where the finer the carbon 
nodules, the lower the ductility, but with no notice 
able change in tensile strength, vield strength, or 
hardness of the matrix. 

The actual effect of melt quality, test-bar design 
and pouring temperature on the mechanical prop 
erties obtained will, therefore, depend upon the net 
effect of these three factors on (1) the microporosit\ 
(2) the lead particle size and distribution, and (3 
the tendency to form localized shrinkage. The m« 
chanical properties of 85-5-5-5 alloy test bars hav. 
been satisfactorily accounted for by these three fa 
tors, and they will be referred to as the “porosit 
factor”, “lead factor’, and “shrinkage factor”. The 
interrelationship of these factors has been quantita 
tively estimated and is graphically illustrated by Fig 
14 and 17. 

On the basis of the available knowledge obtained 
to date, the lead factor is dependent mainly upon th 
pouring temperature and test-bar design and not 
upon the gas content of the melt. However, with 
increasing gas content, the microporosity increases 
and the fracture always occurs through the voids 
\s the total percentage of area on the fracture com 
prising these voids increases, the less important the 
lead factor becomes. Thus, if the area of porosity on 
the fracture increased from 5 per cent to 10 per cent 
the lead factor should decrease considerably because 
more of the fracture occurs through porosity and less 
through the metallic portion of the bar. Since the 
lead factor is dependent to some extent upon the 
grain size, as indicated previously, and possibl, upon 
other factors not now known, the lead factor will 
vary somewhat from heat to heat, but the general 
principles described above are valid. . 

Taking the lead particle distribution obtained 10 
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DECREASING SIZE OF ROUNDED LEAD PARTICLE 
. -_ 


____INCREASING TENDENCY TO FORM 
EQUIAXED GRAINS AND ANGULAR LEAD PARTICNE® 


MODIFIED 2-INCH WEB -WEBBERT 


LEAD FACTOR 





LEAD FACTOR PLUS 
LOCALIZED SHRINKAGE = 
FACTOR : 


2125 
POURING TEMPERATURE °F 








iced by the lead particles in three different test-bar 
igns poured in 85-5-5-5 alloy over the temperature 


noe indicated (the lead distribution is the most favor- 
ble in the Modified 54-in. web-Webbert poured from 
temperature and is therefore taken as the zero 


point for purposes of comparison). 


14—Estimated average decrease in elongation pro- 


the Modified 54-in. web-Webbert test bar poured at 
2225° F. as a standard, the lead particles obtained 
in this bar at a lower pouring temperature or in other 
bars at this or a lower pouring temperature are less 
favorable, as previously indicated. An estimate of 
these average effects of pouring temperature on the 
lead distribution in the three different test-bar de- 
signs, in terms of decrease in per cent elongation, is 
illustrated by Fig. 14. Thus, at a pouring temperature 
of 2225° F., it was estimated that the Horizontal 5-in. 
web-Webbert has a sufficiently less desirable lead par- 
ticle size, shape, and distribution to produce a 7.5 
er cent lower elongation than that obtained in the 
Modified 54-in. web-Webbert poured from the same 
temperature. On the other hand, the L.T.B. appar- 
ently has a still less favorable lead distribution, and 
thas been estimated that this finer lead particle size 
btained at a pouring temperature of 2225° F. is 
suficient to produce 15 per cent lower elongation 
values. As indicated by this chart, for a given design, 
the lead factor becomes less favorable with decreasing 
pouring temperature. This less favorable lead dis- 
ibution is rather minor down to a pouring tempera- 

f 2125° F., below which it becomes rapidly less 

ible, with formation of equiaxed grains and 

‘sing amounts of coarse, angular lead particles. 

according to Fig. 14, it has been estimated that 


luction in pouring temperature from 2225 to 


ELONGATION IN 2 INCHES, % 


595 


2025° F. reduces the elongation value, because of the 
less favorable lead distribution, so that all designs 
produce about 20 per cent lower elongation than 
would have been obtained if the lead distribution 
had been as favorable as that obtained in the Modi- 
fied 54-in. web-Webbert poured at 2225° F. The lead 
factor expressed as a decrease in the per cent elonga- 
tion is the same for all designs, about —20 per cent, 
because, when the bars are poured near 2025° F., all 
three types of bars have similar angular lead particles. 
In addition, as previously noted, the estimated lead 
factor differs considerably in the three test-bar designs 
poured at the higher temperature because of the 
different solidification rates of the test section of the 
three designs. 


Shrinkage Factor 


The shrinkage factor, important in the L.T.B. bar, 
is also shown in Fig. 14. 

The average effects of pouring temperature on the 
tensile strength and elongation values of these three 
designs have been reported,’ but these relationships 
are again illustrated in Fig. 15 for high-quality melts 
and in Fig. 16 for low-quality melts. Since the average 
effect of pouring temperature on the test-bar proper- 
ties is based on a considerable amount of data and 
the effects of lead particle size and localized shrinkage 
has been estimated, the average effect of the porosity 
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Fig. 15—The effect of test-bar design on the tensile prop- 

erties. Each point represents the average of approxi 

mately 54 test bars from 27 melts prepared under a glass 
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factor can be calculated by difference. This has been 
done, and the resulting values of the porosity factors 
obtained for the three different designs, the L.T.B., 
the Horizontal 54-in. web-Webbert, and the Modified 
54-in. web-Webbert, are shown by Fig 17. The zero 
porosity factor is taken at complete soundness, i.e., 
the absence of all microporosity. If the Modified 
54-in. web-Webbert were completely sound, it would 
have an estimated elongation value of 42-+-17.5 or 
59.5 per cent since the average actual elongation is 
12 per cent, the lead and shrinkage factors are zero 
and the porosity factor is—17.5 per cent. As another 
example, the estimated lead factor for the Horizontal 
54-in. web-Webbert test bar poured from 2125° F. is 
about —8.5 per cent elongation. The shrinkage factor 
is, of course, zero, and the porosity factor is approxi- 
mately —9 per cent elongation for high melt quality 
and —31 per cent for low melt quality. Consequently, 
the elongation of the bar is 59.5 per cent (the esti- 
mated elongation of the Modified 54-in. web-Webbert 
bar poured at 2225° F., but free of microporosity and 
having a lead rating of zero) minus 8.5 per cent less 
9.0 per cent or 42 per cent elongation for high-quality 
melts, and 59.5 per cent minus 8.5 per cent less 31.0 
per cent or 20 per cent elongation for low-quality 
melts. These values, of course, correspond to the 
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Fig. 16—The effect of test-bar design on the tensile prop- 

erties of bars cast from melts of poor quality made 

under a glass slag in a clay-graphite lined high-fre- 

quency induction furnace. Each point is the average of 
six test bars from three melts. 
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duced by microporosity alone in three different: 
bars poured from high quality 85-5-5-5 alloy melts (fu 
lines) and poor-quality melts (broken lines) ove) 


temperature range indicated. 


actual average per cent elongation obtained on 
Horizontal 54-in. web-Webbert poured from 2125° F 
as illustrated by Fig. 15 and 16. 

As a further example, the L.T.B-2 poured fron 
2025° has an estimated lead plus shrinkage factor o! 
—26 per cent, a porosity factor of —3.0 per cent fo 
high-quality melts and—17.5 per cent for low-qualit 
melts. Consequently, the actual elongation values ar 
59.5 per cent minus 26.0 per cent less 3.0 per cent o! 
30.5 per cent for high-quality melts and 59.5 per cent 
minus 26.0 per cent less 17.5 per cent or 16 per cent 
for low-quality melts. These values correspond to thi 
average values illustrated on Fig. 15 and 16 taken 
from the data on this bar poured at 2025° F. 

It should be emphasized that these figures represent- 
ing the quantitative effects of pouring temperatures 
are based on estimates. However, they do represent, 
in a fairly satisfactory way, the complex effects of 
test-bar design and pouring temperature on the micro 
porosity, lead distribution, and localized shrinkage 
These curves, of course, pertain only to elongation 
values. Similar estimates could be made for tensile 
values. Such curves, however, would be quite similar 
to those for the porosity, excepting that the adverse 
lead distribution has a less harmful effect upon the 
tensile strength than upon elongation. Because 0 
this, the tensile strength tends to increase with de- 
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1g pouring temperature for practically all test- 
esigns and melt qualities, excepting those de- 
which are markedly subject to localized shrink- 
the low pouring temperature. It probably 
also be emphasized that the curves represent 
ve effects. Individual heats deviate somewhat 
these average values. In general, however, the 
ture of the bars poured from heats which deviate 
the average correlate verv well with the tensile 
rties obtained. The cause or causes of the devi- 
s from the average structure, however, are not 

1] understood. 
s evident that the average effect of pouring tem- 
ture on the elongation value will tend to produce 
<imum at the intermediate pouring temperature. 
It is apparent from the preceding discussion and from 
Fig. 17 that a decrease in pouring temperature from 
bout 2225 to 2125° F. produces a marked decrease 
amount of microporosity in the L.T.B, a less 
( ise in the Horizontal 54-in. web-Webbert, and 
still less in the Modified 54-in. web-Webbert, but 
ally has only a slightly adverse effect on the 

1d particle distribution, as shown by Fig. 14. As a 
result, this decrease in pouring temperature generally 
nroduces an increase in elongation, an effect which is 
obviously the least for the Modified 54-in. web- 
Webbert and the most for the L.T.B. However, when 
the temperature is dropped from 2125 to 2025° F., 
a further decrease in the amount of microporosity 
occurs in all designs, but because of the equiaxed 
erains, the lead particles become quite angular and 
have a very adverse effect on the elongation values, 
more than offsetting the improvement obtained by 
the decreased amount of microporosity. As a result, 
the average elongation value obtained at the lower 
temperature is less than that obtained at an inter- 
mediate pouring temperature. 

It is well to note at this point that the test section 
of the bar which solidifies the most slowly has the 
most microporosity. Because of this large quantity of 
microporosity, changes in pouring temperature have 
little effect on the amount of this unsoundness, as 
illustrated by Fig. 10, 11, 12, and 17. It is quite likely 
that substantial changes in the gas content of the 
melt would also produce relatively small changes in 
the amount of microporosity. If so, such designs 
would not be sensitive to small differences in melt 
quality. Probably for this reason, such designs as the 
Modified 54-in. web-Webbert, and to a very much 
ereater degree, the Navy keel block are not responsive 
to small differences in melt quality. On the other 
hand, the L.T.B. solidifies so rapidly that it tends to 
minimize the effects of gas content unless the pouring 
temperature is very high. This is because of the 
rapid directional solidification which tends to mini 
mize the formation of microporosity. At low pouring 
temperatures, this design also introduces shrinkage, 
an adverse effect which is most likely to occur with 
lecassed melts. 

These effects are graphically illustrated in Fig. 18 

ch shows that, in accordance with established met- 
ilurgical phenemena, at very low gas contents, a given 
ll increase in gas content produces increasingly 
arger amounts of unsoundness, the heavier the section 
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thickness and the lower the solidification rate. Heavy 
sections probably would be very suitable for measur- 
ing relative melt quality if the melts had very low 
gas content. However, in more nearly commercial 
gas content, an intermediate cooling rate 


ranges of ¢ 
is probably slightly superior to either a more rapid 
(L.T.B.) or a slightly less rapid (Modified 54-in. 
web-Webbert) solidification rate. 

It should be observed that of the three designs 
mainly considered in this paper, the Modified 54-in. 
web-Webbert produces high tensile properties in 
85-5-5-5 alloy because it is generally free of dross, the 
lead particles are favorable, and the amount of micro 
porosity is large but not so coarse and angular as in 
the keel block. This latter design, in contrast to the 
Modified 54-in. web-Webbert, produces low proper- 
ties because both the lead and porosity tend to be 
coarse angular, as shown by a comparison of Figs. 
20 and 21. It should be emphasized, therefore, that 
the choice of the test-bar design is not based on 
whether it produces high or low properties but on its 
sensitivity to melt quality. However, if a given test- 
bar design produces properties which are generally 
low, it is not likely to be responsive to melt quality 
because it requires such large changes in gas content 
of the melt to affect the test-bar properties appreci- 
ably. The British D.T.D. bar falls in this category, 
as shown by a comparison of Figs. 21 and 22, and it 
is probable that its usefulness is limited for this rea- 
son. If so, it will no doubt eventually be abandoned 
despite the fact that it is still highly regarded in 
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England. Unfortunately, the trend there appears to 
be toward the keel-block type because it produces 
similar properties, despite the source or quality of the 
melt.? Thus, the insensitivity of this bar to melt qual- 
ity appears inadvertently the main reason behind the 
recommendation that it be used. 

A good test bar should be moderately sound and 
produce high properties with high-quality melts and 
become increasingly unsound with decreasing melt 
quality. Low properties should be obtained with low- 
quality melts only. 


Summary 
The three main structural features which mainly 
determine the tensile properties of 85-5-5-5 alloy are: 
1. The quantity and distribution of micro- 
porosity 
2. The size, shape, and distribution of the 
lead particles 
3. The occurrence of localized shrinkage 

The greater the amount of microporosity and the 
coarser it is, the more adverse the effect on both tensile 
strength and elongation. The amount of micro- 
porosity decreases with (1) a decrease in the gas 
content of the melt, (2) a decrease in pouring tem- 
perature, and (3) an increase in the solidification 
rate of the test section of the bar. Consequently, these 
factors tend to increase the tensile strength and 
elongation values. 

The Horizontal 54-in. web-Webbert apparently is 
slightly more sensitive to melt quality since more 
rapid solidification rates tend to minimize slightly 
the unsoundness produced by gas in the melt. Less 
rapid solidification rates, as in the Modified 54-in. 
web-Webbert, are slightly less sensitive and heavy 
sections, such as the keel block, apparently are mark- 
edly less sensitive to melt quality because large 
changes in gas content are required to effect the 
test-bar properties appreciably. This is probably a 
characteristic of all test-bar designs which produce 
relatively low properties even with high-quality melts. 

Coarse, rounded lead particles are the most favor- 
able, and as the rounded lead-particle size decreases, 
the lead probably becomes slightly less favorable in 
distribution. The Modified 54-in. web-Webbert has 
the optimum lead distribution since more rapid solidi- 
fication rates produce less favorable fine lead par- 
ticles, whereas less rapid solidification rates, as in the 
keel block, produce much less favorable, coarse, angu- 
lar lead particles. At low pouring temperature, all 
test bar designs tend to produce equiaxed grains ac- 
companied by relatively coarse, angular lead particles 
which, in conformity with established metallurgical 
phenomena, have a very adverse effect upon the 
elongation values but a less adverse effect upon the 
tensile strength. Furthermore, localized shrinkage is 
accentuated by low pouring temperature, especially 
in the cast-to-shape test-bar designs, such as the 
L.T.B.-2. Consequently a reduction in the pouring 
temperature in the test bar reduces the amount of 
microporosity but has an adverse effect upon the lead 
distribution or accentuates localized shrinkage or 
both. Therefore, the highest elongation values are 
obtained normally at the intermediate pouring tem- 
perature because, as the pouring temperature is de- 
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creased from approximately 2225 to 2125° | 
stantial reduction in microporosity general! 

but with a production of only slightly less 

lead distribution. However, when the pouri 
perature is dropped from 2125 to 2025° F., ¢! 
ficial effects obtained by the decreased an t 
microporosity are generally more than offset 
coarse, angular lead particles which are p) ; 
In the cast-to-shape design, such as in the L.| B. 
this adverse effect is further accentuated by thy 
rence of localized shrinkage. In general, a good ¢o 
relation is found between the microstructure rey), 
by the microradiographs and the test-bar properties 
obtained. 
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DISCUSSION 


Chairman: G. P. HALLIWELL, H. Kramer & Co., Chicago 
Co-Chairman: B. M. Lorinc, Naval Research Laborato: 
Washington, D.C. 

A. J. SmitH* (written discussion): Messrs. Kura and Eastwoo 
have been engaged in a program of research which is of interes: 
to nearly all non-ferrous foundrymen and the results of whic! 
have been eagerly awaited. They are to be highly commended 
for bringing to bear on the problem some of the most advance 
tools of metallurgy; also for their endeavor to answer the why; 
that keep cropping up at every stage. 

Unfortunately, they have been working on one of the mos 
temperamental of foundry alloys. The 85-5-5-5 alloy poure 
from the same pot of metal into a series of identical test bai 
molds (within the limits of foundry control) and with a slight 
temperature drop from the first to the last mold will show 
variations of 8 per cent elongation and 3000 psi. tensile strengt! 
these variations irrespective of the order of pouring the bar 
or the test bar pattern. To many foundrymen such variation: 
have been merely a cause for annoyance since the specification 
tensile properties required are so low that under the worst 
variations the minimum requirements usually are exceeded. This 
is illustrated in the bar shown in Fig. 2 where even with low 
melt quality the tensile properties were well above the minimum 

These same temperamental variations are evident in the 
present paper. Figure 15 compiled from some 486 bars from 
27 melts shows superior elongation values at any pouring tem 
perature of the two Webbert type bars, at 2120° F., both Wet 
bert bars showing better than 40 per cent elongation, the 
L.T.B.-2 bar some 37 per cent elongation. In Table | th 
results on the L.T.B.-2 bar for high quality melts are definite!) 
superior to those on the two Webbert bars at the two higher 
pouring temperatures, although all three sets of bars were 
poured from the same melt. Only the horizontal 54-in. we 
Webbert bar poured at 2109° F. showed an elongation abov 
40 per cent while the L.T.B.-2 bars poured at 2240° F. an¢ 
2140° F. showed 43.2 per cent and 44.6 per cent, respectivel 
These variations cast some doubt on the conclusions the authors 
have drawn. 

It should be pointed out, with reference to pouring temper 
ture, that pouring temperatures may be compared on bars 0! 
the same design, but cannot be compared, per se, in bars ©! 
different design. As modified by the effects of cooling velocit 
the significant temperature is the temperature of the metal 
the gage length of the bar at the instant that flow ceases. Th’ 
would depend not only on the initial pouring temperature bv! 
also on the time required to run the mold and some functions 
relationship of surface area and volume of casting including 
gating system. An effort has been made to study these compat 
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nperatures by direct measurement in the laboratories ot 
inkenheimer Company. This has not been too successful 
ing that for such studies recording pyrometers of higher 
than now available would be required. 
e objection the authors raise to center line shrinkage in 
th st to size bar such as the L.T.B.-2 or the crown bar may 
not be valid. Bronze foundry product usually is cast to size 
enter line shrinkage is a normal occurrence with cold 
g. The expedients employed in the steel foundry for 
ins g directional solidification, such as chills and padding 
rely employed in the bronze foundry. Thus it does not 
at r logical to establish a freezing pattern in a test bar which 
otherwise rarely be found. 
[he authors’ attack of the lead problem is on the right 

The variations above noted are not nearly as significant 
\STM-B-61 alloy with 1.5 per cent lead, and they are worse 
e higher leaded alloys. The use of microradiography for 
study of lead distribution is highly commendable. 

[he answer to test bar design does not appear to be forth 
coming from the present paper and probably will not be until 
more is learned of the manner of solidification of castings 
Properly, a test bar should show the ultimate properties avail 
able in a high quality melt. 

{ question naturally arises, what properties can be sought 
as the ultimate? The writer has seen tensile strength results 
on 85-5-5-5 from a jobbing foundry of 41,000 psi. with con 
sistant frequency. Some individual bars have run as high as 
44,000 psi. Elongations in all of these cases has been on the 
order of 25 to 27 per cent. These results give some evidence 
of cold pouring. 

In our own practice with the L.T.B.-1 bar our results are 
not so high with most bars in the neighborhood of 39,000 psi 
tensile strength. On the other hand we have had a number of 
bars with elongations in excess of 45 per cent and a few as 
high as 50 per cent. Tensile strengths in these cases usually 
ire approximately 40,000 psi. 

The Webbert type bars rarely show such good results for 
high quality melts. However, if they are more critical of melt 
quality, then they should be studied further for that reason, 
for a proper test bar should be more sensitive to variation than 
a well designed and gated casting. 

Dr. L. W. Eastwoon: It is true that test bars are not too 
satisfactory and there is some variation in results. We were 
attempting to correlate structure with tensile properties and 
we have investigated a number of bars which apparently were 
cast under similar conditions, but which showed differences in 
tensile properties. In general we can see the reasons for the 
differences in properties because of the differences in structure; 
but we do not know or rarely understand what it was that 
caused the differences in the structure. We can get the cor- 
relation, then, between the structure and the properties, but 
we do not always understand what causes the differences in 
structure. We, therefore, do not agree with Dr. Smith when 
he suggests that the inevitable variations in test-bar properties 
“cast some doubt on the conclusions the authors have drawn.” 

Dr. B. M. Lorinc: The authors have completed a much 
needed and highly commendable investigation on the micro- 
structure of a leaded bronze. Quantitative data and the factors 
contributing to the strength of bronzes are very difficult to 
secure because of the large number of variables. The authors 
have made a notable contribution to the metallography of the 
85-5-5-5 alloy. 

There are still many questions open for discussion regarding 
the effect of free lead particles in bronzes. Such particles are 
believed to be important not only in their effect on the tensile 
properties but also in the tendency to increase the pressure 
tightness. The free lead particles obviously cannot be abso- 
lutely pure in a multi-component system, but must have very 
small percentages of tin, zinc, and even copper in solution. The 
lead solution remains liquid to about 327° F. while the re- 
mainder of the alloy becomes solid. Being molten, the lead is 
forced to take the shape imposed upon it by the adjacent 
dendrites of bronze. Angular dendrites are then the cause for 
angular lead particles. 

Is it sufficient to study the configuration of the lead or is it 
necessary to probe deeper into the mechanism formation of the 
dendrites to describe the complex factors contributing to the 
ensile strength of bronzes? 
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MEMBER: It is my belief that the zinc ratio had something 
to do with the lead distribution, or the effect of the lead. In the 
production of valves we found it advisable to add zinc to the 
85-5-5-5 alloy. 

Dr. Eastwoop: We cannot say much about the effect of 
composition on lead distribution inasmuch as we confined our 
study entirely to the 85-5-5-5 alloy. While we at one time 
thought there may be some effect of melt cuality on the lead 
distribution, we are satisfied now that the quantity of gas in 
the melt apparently has no effect upon the size or shape of the 
lead particles. 

H. J. Roast*: I have had no experiences in microradiography, 
but feel from observing the photographs that they must be of 
a very high order. 

Ihe weight of the keel block is 50 lb. approximately. With 
such a keel block made of the 85-5-5-5 alloy we have frequently 
obtained 40,000 psi. tensile strength and 40 per cent elongation 
Ihe secret is in the pouring temperature, and it surprises me 
that a pouring temperature as high as 2230° F. is advised. We 
use 1900° F. 

At our plant we have a standard pattern for a bushing of 
suitable size so that we can pressure test it under 6000 psi 
pressure. However, the test is made after first eliminating one 
third of the O.D. and one-third of the LD. This leaves a bush- 
ing with one-third the original cross-section with the outside 
and inside removed. Under these circumstances we are justified 
in correlating pressure tests or pressure resistance with soundness 
of metal. We do not depend on skin-tightness. We test the 
85-5-5-5 alloy up to about 1000 Ib. pressure. ‘/f course, the 
cross-section varies with the others, but we test other alloys up 
to 6000 and 8000 Ib. 

Why is it that lower temperatures would not yield bette: 
results? If the shape of the bar is a point of issue, and the 
object, research, then I am not in disagreement. If, however 
the object of practical foundrymen is to know how he is to 
judge whether his metal will make a pressure-proof casting in 
a valve, for example, then he would be well advised to use 
the keel block for the reasons given. 

Dr. Eastwoop: We would probably obtain good properties 
in the keel block if we poured them at very low temperatures 
I am not sure that the keel block poured at 1950° F. would 
reflect melt quality. 

One investigator in England concluded that the keel block 
was the best test bar because it showed about the same proper- 
ties regardless of how or where they were prepared; or in other 
words irrespective of the melt quality. That is not the object 
The test bar should reflect melt quality. Certainly the keel 
block does not at pouring temperatures higher than 2050° F.; 
whether it would at temperatures lower than 2050° F. is another 
matter. The data on other designs poured at low temperatures 
indicate that melt quality is not reflected under these conditions 

W. A. BaAKerR* (written discussion): The authors’ detailed 
examination of these cast test bars by the micro-radiographic 
technique has brought out some interesting information on the 
effect of lead distribution in this alloy. As the authors remark, 
it is not an easy matter to distinguish between lead particles 
and cavities by ordinary metallographic examination and their 
work provides yet another illustration of the usefulness of the 
micro-radiographic method. 

In the work done by the British Non-Ferrous Metals Re 
search Association on the casting of bronzes most of our effort 
in the early stages at least was devoted to the simpler types 
of bronze casting alloys in order to keep variables other than 
shrinkage and gas effects to a minimum and the present paper 
in illustrating the complicating effect of lead distribution seems 
to justify that action. For this reason we have not a very 
extensive experience of the relative merits of different types 
of test bar for leaded alloys but a fair amount of work has 
been done with this type of alloy in recent years and so far 
our experience is that for research purposes at least the D.T.D 
type test bar is the most reliable guide to the gas content of 
the metal irrespective of the type of bronze alloy used. It 
should be noted however that for research purposes we attach 
more significance to density measurements than to tensile test 


2 Consultant, c/o Canadian Bank of Commerce, Toronto, Ontario, 
Canada 

* Senior Metallurgist, British Non-Ferrous Metals Research Association, 
London, England 
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data in attempting to assess the gas content of the metal poured L.1.B.-2 type and that for the wedge type bars ce 
or in assessing the amount of gas absorbed by a bronze during it is therefore somewhat surprising to find an unta a 
solidification in the sand mold. Ihe choice of the D.T.D. distribution as illustrated in Fig. 22. The particular | — 
type bar for this purpose is dictated by two main considerations, to was poured near the lower end of the pouring ; ro 
| (a) the bar is not shaped and cools more slowly than shaped by the authors and it would be of considerable inter: , a 
bars of the L.1.B.-2 type and (b) despite this fact it is relatively whether the unfavorable lead distribution shown ig, 9 ‘i 
| well fed and when cast from degassed material, and when no was also present in bars cast at higher temperat 0 
gas absorption occurs in the mold, the bar contains a relatively experience confirms that of the authors to the exter = 
small proportion of shrinkage voids, Consequently, small D.1.D. type bar generally gives somewhat lower radiog 
amounts of gas cause a rapid decrease in the density of the tensile strength for these alloys, and indeed for m f the not a | 
test bar and larger amounts cause further decreases and the bar bronzes, than shaped bars of the L.1T.B. type but we here - a} 
in Our experience is very satisfactory from this point of view. tofore attributed this to two facts, firstly that the sh 1 bar soliciifie 
Ihe experimental work published in a paper in the Journal contain less total voids and secondly that the soun me relief tl 
of the Institute of Metals, vol. 70, p. 373 (1944), shows how the in the D.T.D. test bar section, i.e., the outer part, i as App 
gas content of the melt as judged by the density of this type of when machining the test piece length, whereas m« f 1 jendrit 
test bar, affects the properties of poorly fed castings by altering outer section of a shaped bar is retained in the test sect; shape « 
the distribution of porosity in them and in view of these results While not disputing the fact that lead distribution has a 4} ‘ia in 
we have no misgivings about the virtues of the D.T.D. type ciable effect upon the tensile properties of these alloys it (oes or chill 
of test bar for work of this character. It is worth noting that seem likely that the effect is small in comparison with the eth importa 
| in the paper referred to, a poorly fed test casting was used of porosity, and particularly, with the effect of the distributi pattern 
which proved to have the best properties when the leaded of porosity. A further factor to be considered is the form , compos! 
alloys were thoroughly degassed, whereas for other types of the porosity present and it should be noted that the mic content 
bronze casting alloys gasses present in the metal before pouring, radiographic technique will not reveal the intercrystalline and If it 
or which were absorbed by the casting during solidification, interdendritic fissure type porosity so commonly present in cas of the « 
improved the distribution of porosity and thereby improved bronzes and which has been shown (Journal of the Institut prove ¥ 
the poorly fed casting. More recently it has been shown that the of Metals, vol. 67, p. 231 (1941)) to have extremely detrimenta to gene 
same type of casting with an even more restricted ingate, leaked effects on mechanical properties even when the total volun Dr 
under pressure when made in degassed leaded alloys and in of the porosity is small. This type of porosity is usually fai) their a 
this case small amounts of gas had a beneficial effect, so that widely dispersed and is largely responsible for the fact tha those d 
the behavior of leaded alloys differs from the other types only as-cast sections of bronze castings, will leak under pressure, 1 Whi 
in degree. It seems probable, however, that the gas contents fissures providing channels of communication from one surfac not in 
likely to be useful in these leaded alloys in practice will be to the other. Nevertheless this porosity will generally be mo that sh 
smaller than those likely to be useful in the lead-free alloys prevalent in the center part of the section and it is probab may oc 
and it is particularly important that a test bar used for these this factor which is mainly responsible for the relatively | of view 
alloys should be sensitive to the effects of small amounts of gas. tensile properties obtained when machining the test piece i: that te: 
Our results to date indicate that the D.T.D. type bar is satis volves the removal of the relatively strong outer layers the pro 
factory in this respect. In reading the authors’ paper one gets the impression that represet 
It is appreciated that production foundries would prefer the horizontal 54 in. web-Webbert bar is the most sensitive | determi 
to use tensile data as an index of the condition of bronze melts gas of those tested but the authors expressed no opinion in thei the test 
and while our own experience with the D.T.D. type bar has summary as to which test bar type is preferred for found: unrelate 
shown it to be quite satisfactory in this respect the foundry control purposes, bearing in mind the various factors discuss is subje 
industry in Great Britain has been reluctant to use this type in the paper. It would be of interest to know their final verdict foundry 
and heretofore has normally used shaped bars gated and fed on this point. not by | 
from the ends, i.e., similar to the L.T.B. bar. It is recognized, W. W. Epens‘ (written discussion): The authors and thei In r 
however, as the authors remark in their paper, that this type sponsors, the Non-Ferrous Ingot Metal Institute, are to be co! be defir 
of bar freezes relatively quickly so that the presence of small gratulated for undertaking to evaluate metallurgical and me is entire 
amounts of gas may not be detected. The authors suggest that chanical properties as related to test bar practice and for making taining 
the tensile properties of the bar are sensitive to amounts of gas the results of their studies to date available to the Brass & tends t 
of practical significance in the foundry but to judge from our Bronze Division members through the medium of this fine paper one ten 
observations amounts of gas smaller than those detected by the aa re ee aaa de eat this ha’ 
L.T.B. type are also very significant. It is for this reason that a a Si ee, ee ee ee ee interest 
the present trend in this country is to use a keel bar type con- Mr. 
sisting of a 1 in. diameter bar, not shaped, fed over its entire recomm 
length through a 14 in. wide ingate. This type of bar in this recomm 
\ssociation’s experience is not quite so well fed as the D.T.D. 85-5-5-5 
type so that degassed alloys give test bars with relatively high We 
volumes of shrinkage voids. The typical data shown in Table A Taste A—COMPARISON OF PROPERTIES OF B.S.I. WEDGE Bars A’ greatly 
illustrates this point—compare the percentage voids for the D.T.D. Bars* measure 
D.T.D. and wedge shaped bars cast from degassed alloys. The and we 
same table shows that when the test castings contain gas, Alloy | D.T.D. Bar B.S.1. Wedge Bar It shou! 
absorbed by the metal during solidification in the mold, the 88 inte adie = 7 
density of the test-bar is more markedly affected in the D.T.D. : : | Voids, % 14 to 0.7 2.5 to 09 used in 
‘ ee ected ee Gunmetal,0.02% | - ‘ - 90 9 to 206 tendenc: 
than in the wedge type especially with high casting tempera- P. Thoroughly r.S. ton sq. in. 20.9 to 22.6 18.9 t 2 
tures. Nevertheless the tensile properties of the two types of in anendl | Elongation, % 54 to 45 43 to 3 of gas f 
bar were affected to about the same extent by the presence a 5 /5 Leaded Very sig 
of gas. Unfortunately data for bars with intermediate gas vaca es ey | Voids, % 0.5 to 1.0 1.3 to 14 typical | 
75 to 16.2 16.0 to 17.6 


; T.S. ton sq. in. 1 


contents are not available but it is to be expected that smaller 
Elongation, % 36 to 18 36 to 25 


gas contents will cause some reduction in the properties of the 
D.T.D. type but would have little or no effect on the wedge 


bar. Nevertheless it seems to us that the wedge type is likely pry | UN % : 20 to 22 2.9 to - 
to be a more sensitive index to the gas content than shaped P. Gas absorbed) 2 ton sq. in. 17.4 to 18.4 15.9 to M7 
bars of the L.T.B. type and it remains to be seen whether res eat ail Elongation, % 29 to 32 28 to 3 
experience in the use of the wedge type bar justifies this view. P. Gas absorbed | Voids, % Ll to 04 91 to Ll 

t The evidence in the paper indicates that relatively rapid 10% Sn, 0.38% | TS. ton sq. in. 18.9 to 23.8 17.1 to 224 
or very slow rates of solidification produce angular particles of jamenhena Elongation, % 26 to 41 24 to 30 
lead which have an unfavorable effect on the properties of the * A range of properties is inion the figures being average results for 


leaded gunmetals. It is to be expected that the D.T.D. type high aa temperatures (on the left) and low casting tempers' 
: ahead . : : the right) for each type of test bar. 
bar would freeze at a rate intermediate between that for the 
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microradiograph work is excellent. However, if a larget 
ition is practical it would seem to be advantageous in 
iation of structure Variation as compared to mechanical 
ies. Even with a magnitying glass I found the inte: 
, somewhat difficult, however, the problems of technique 
gnized 
emphasis on the form of the lead particles bother me 
at. While this ts a recognizable distinction in the micro 
iphs it must also be recognized that it is a result and 
cause. The lead is the last material to solidify in the 
and therefore takes the shape not already filled with 
ed metal. In other words, the lead tends to show in 
he dendritic pattern of the matrix. 
arently the type, size and specific orientation of these 
tes which the authors have chosen to recognize as the 
of the lead (angular lead) has a marked effect on the 
\ical properties. Without a doubt, conditions of cooling 
which would include pouring temperature play a very 
rtant part in the formation and growth of the dendritic 
n. However, it seems probable that other factors including 
sition, particularly with respect to minor impurities, gas 
it, mold conditions and others may be important. 
it is within the scope of the present investigations, a study 
conditions affecting this dendritic type of structure might 
very valuable, not only as related to test bar practices but 
general casting practice as well. 
Dr. Eastrwoop (authors’ closure): The authors wish to express 
appreciation of the valued contributions submitted by 
ose discussing this paper. 

While we agree with most of Mr. Smith's comments, we do 

any way agree with the paragraph in which he suggests 
shrinkage in a test bar is acceptable because shrinkage 
occur in a commercial casting. First of all, such a point 

( ew is contrary to the now almost universally accepted on« 
hat test bars are intended to represent melt quality and not 

e properties of any specific casting. In other words, test bars 

represent the melt quality which is only one of many factors 
etermining the quality of the casting. If shrinkage occurs in 
e test bars, this defect will produce low properties obviously 
nrelated to the melt quality. Any test bar, therefore, which 
is subject to shrinkage defects should not be employed in the 
foundry because low values may be caused by shrinkage and 
not by poor melt quality. 

In reference to Dr. B. M. Loring’s last paragraph, it may 
e definitely stated that the size and shape of the lead particles 

ne is entirely dependent upon the way in which the dendrite con 

taining them grows. We know that a coarse, columnar dendrite 

x tends to produce rounded lead particles; whereas, an equiaxed 
me tends to produce angular lead particles. The reasons for 
his have not been established, but it certainly would be an 
interesting subject for investigation. 

Mr. Roast apparently misread the paper because we do not 
recommend that the keel block be poured at 2230° F. Our 
recommendation is that the keel block be avoided when pouring 
85-5-5-5 alloy. 

We are in general agreement with Mr. Baker's views, and 
greatly appreciate having his comments. We agree that density 
measurements are of real value in investigations of this kind, 

_ ind we are making these measurements now somewhat belatedly. 
al It should be noted that the B.S.I. wedge bar used in Britain 
is very substantially different from the much heavier keel block 

in a part of our investigation. Mr. Baker implied that the 

lency in Britain is to use this B.S.I. bar because “amounts 

of gas smaller than those detected by the L.T.B. type are also 

very significant.” The data in his Table A, however, are fairly 

il for heavy bars of this type in that at the higher pouring 


O01 


temperature the density of 53-3-4 alloy poured trom a thot 


oughly degassed melt is about the same as when gas is absorbed 


gi 
from the sand mold [his illustrates our contention very well 


that bars ot this type have a tairly high degree of unsoundness 
when poured trom melts of a high quality, and it makes littl 
or no difference in the amount of this unsoundness whether 
gas is absorbed from the mold or not, or whether the melt ts 
of rather poor quality or high quality; substantially the same 
results are obtained in any case. We note that there is some 
difference in nomenclature and Mr. Baker refers to the unsound 
ness in bars of this type as “shrinkage porosity We reter to 
this defect as “microporosity” because the term shrinkage 
porosity indicates that the defect is caused by shrinkage, an 
implication which is partly erroneous 

In neither our microradiographic nor our very extensive 
metallographic examinations at higher magnifications have we 
observed the so-called fissure type of unsoundness, illustrated 
by Fig. 13, Journal of the Institute of Metals, vol. 67, opposite 
page 238 (1941). Such a structure is probably either a result of 
the metallographic technique employed, or an indication of 
trapped dross films in the metal. Regardless of their origin 
we do not believe that such defects have been of any importance 
in any of the sand castings prepared in our work. 

Mr. Baker stoutly defends the British D.T.D. bar, but we 
cannot share his enthusiasm for it, even though we do not think 
too highly of any test-bar design for 85-5-5-5 alloy cast in ordi 
nary sand molds. We obtain about the same results with the 
British D.T.D. bar at 2135° F. as we do at lower pouring tem 
peratures; namely, low properties are obtained with little or 
no microporosity, producing a sound fracture, excepting for 
centerline shrinkage. We are not prepared to say that the lead 
distribution in the British D.T.D. bar would be unfavorable at 
all normal pouring temperatures. We have observed, however 
that all British D.T.D. bars show centerline shrinkage and this, 
undoubtedly, at least in part, accounts for the low properties 
obtained. We are not inclined to favor any test-bar design 
which produces shrinkage because this defect is not related 
directly or precisely to the gas content of the melt, but has a 
very adverse effect upon the tensile properties 

Of the test bars investigated, we would be inclined to select 
the Horizontal 54-in. web-Webbert as being the most sensitive 
to the gas content of the melt. It is quite likely that this is a 
suitable design, but we are doubtful that the ordinary sands 
are very satisfactory for making the casting because the gas 
absorption from the mold interferes with reliable qualitative 
measurement of the gas content of the metal in the pouring 
ladle 

We agree with all of Mr. Eden's comments, excepting a 
part of the sentence “apparently the type, size, and specific 
orientation of these dendrites which the authors have chosen 
to recognize as the shape of the lead (angular) has a marked 
effect on the mechanical properties.” We are not inclined to 
think that the angularity of the lead is the same as the size 
and specific orientation of the dendrites. As indicated in our 
reply to Dr. Loring’s comment, the manner of growth of the 
dendrites determines the shape of the lead particles; i.e., the 
lead particles invariably become angular in all castings poured 
at a temperature low enough to form equiaxed grains. Normal 
variation in impurities, such as gas content, has had no per 
ceptible effect upon this tendency. It is true, however, that 
some heats of 85-5-5-5 alloy may produce fine equiaxed grains 
at a pouring temperature of 2125° F.; whereas, another heat 
may require a pouring temperature of 2025° F. to produce a 
similar fine equiaxed grain. Beyond noting this relationship, 
we are not prepared to account for the shape of the lead 
particles formed 
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MICROSTRUCTURE OF SILVERY PIG IRON 


By Richard Schneidewind' 
and Carl Harmon? 


4BSTRACT 

Comparatively little has been published on the microstructure 
of silvery pig iron and efforts to study it required the development 
of new etchants. The structure is a matrix of alpha silico-ferrite 
with large hyper-eutectic graphite flakes and small eutectic flakes 
The grain shape varies, the crystals being equi-axed or elongated. 
X-ray diffraction indicates that the silico-ferrite in the silvery trons 
studied is the same. Steadite was found in all samples. 


SINCE THE INCREASED UsE Of silvery pig irons 
during the war, some interest has been displayed in its 
metallographic structure. In common with other pig 
iron, this material should contain pro-eutectic as well 
as eutectic graphite as shown in Fig, 1. The matrix of 
ordinary pig iron consists of a mixture of pearlite and 
ferrite. The matrix of silvery pig iron has not been 
studied in great detail. The etching agents recom- 
mended in Metals Handbook were tried in an effort to 
resolve the structure, but it was found necessary to 
develop new etchants. 

The silvery pig irons studied had the following com- 
positions: 


Element Per Cent 


Silicon 9.54 —11.08 
Total Carbon 1.92 — 2.34 
Graphitic Carbon 1.85 — 2.22 
Combined Carbon 0.09 — 0.12 
Manganese 1.31 — 2.36 
Sulphur 0.16 — 0.22 
Phosphorus 0.054— 0.118 


Etching Tests 


Considerable difficulty was encountered in etching 
the irons. The etching agent recommended in the ASM 
Metals Handbook was developed by M. G. Corson.' 
Chis solution exhibits a violently corrosive action on 
silvery pig iron and brings out the so-called “barley 
shell” structure which Corson shows in his publication. 
This is not a true structure and shows no grain boun- 
daries but according to Corson is caused by internal 
strain and is affected by casting conditions and heat 
treatments. This reagent is hydrofloric acid, nitric acid 
and glycerine. 

‘Professor of Metallurgical Engineering, University of Michigan, 


Ann Arbor, Michigan. 
*Chief Metallurgist, Hanna Furnace Corporation, Buffalo, N. Y 


Other reagents were tried, including aqua regia, 
chromic acid, nital, ferric chloride, and many others 
They were applied in the normal manner and also ele: 
trolytically. In all cases the action, if any, was violent 
and either simply corroded the sample or caused a dirt 
stain. 

The late R. G. Guthrie? stated that his specimens 
were etched with 50 per cent aqueous nitric acid but 
no details for use were given. This solution, used at 
room temperature, had no etching effect but only pro- 
duced a dirty stain. When used at 180-200 F its action 
was too violent. It was found that if the solution con. 
tained 20 per cent nitric acid and 80 per cent water 
somewhat better results were obtained. Saturating the 
above with sodium nitrate gave apparently good results 
when used at 180-200 F. 

The structure obtained by this etch is shown in Fig. 2 
The modified Guthrie etch was unsatisfactory when the 
samples were examined at 1690 diameters. The centers 
of the crystals had been dissolved so that apparent 
double grain boundaries were revealed as shown in 
Fig. 3. 

After considerable experimentation, it was found 
that if a strong oxidizing agent is added to the nitric 
acid, sodium nitrate, and water reagent, the grain boun- 
daries are properly etched. Chromic acid was satisfac 
tory but sometimes decomposed the nitric acid when 
heated and ruined the specimen. The best solution was 
the following: 

20 cc of concentrated nitric acid 

80 cc of saturated sodium nitrate in water 

1-2 grams of potassium persulphate 
Etching was done at 180-200 F for 10-30 sec. 

Figures 4 and 5 show the structures at 500 diameters 
The matrix consists of but one phase, alpha silico- 
ferrite. The grains are apparently either equi-axed or 
elongated. In the latter case, it may well be that the 
actual grain may be large and equi-axed but, due to 
internal forces, etches into elongated, parallel sub 
grains or twins. 

Some of the structures, Fig. 5 for example, show areas 
where the etch is interrupted. This is probably due ( 
high phosphorus areas, in the center of which a small 
crystal of iron phosphide appears. 
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X-ray Diffraction 

Polished specimens of four irons were placed in an 
X-ray diffraction machine. X-rays of moderately short 
wave-length were directed at the sample and the inten 
sity of the reflected radiation was measured. Readings 
were taken as the specimen was rotated with respect to 
the X-ray beam. In each case the angle of maximum re 
flection was measured and the results are given in the 
following table: 


Sample No. Angle of Max. Reflection 


] 57.87° 
2 57.85° 
3 57.80 

4 57.85° 


These readings are identical, within the limits of 
error of the apparatus and show that the ferrite is the 
same in all samples of silvery pig iron studied. 

Steadite. It was decided that a study of the amount 
and distribution of steadite or iron phosphide constitu 
ent might prove fruitful. Low silicon pig irons and steels 
can be treated to reveal phosphides by several methods 
(1) heat tinting; (2) Stead’s etch; and (3) an etch of 
long duration with nital. 

Nital will not attack silvery iron and Stead's etch 
does not react satisfactorily because it contains hydro 
chloric acid. While an etch such as Stead’s or Le Chate 
lier’s is used successfully on ordinary steels, good results 
require careful technique and the appearance will vary 
from sample to sample. Examples of heat tinting are 
shown in an article by Carl Joseph.* The steadite ap 
pears white in a dark brackground. It is impossible to 
get a uniformly dark background and as may be seen 
from the illustrations, it is difficult to distinguish be 
tween the light phosphides and light spots in the back- 
ground. 

A new etch was developed in this investigation which 
deposits an adherent bluish-black film of metallic 
arsenic on the ferrite and leaves the phosphides white 
This etch is prepared as follows: 

Digest 0.5 gram of arsenous acid (As,Qx3) in 5 cc of 
concentrated nitric acid until copious fumes of nitric 


Fig. 1—Silvery pig iron, X 100, unetched, Fig. 2—Silvery 
pig iron, X 100, etched in 20% HNOy 80% saturated 
with NaNO, in water. Fig. 3—Silvery pig iron shown in 
Fig. 2 X 1000. Fig. 4—Silvery pig iron etched as recom- 
mended by authors. X 500. Fig. 5—Same as Fig. 4 
showing probable high phosphorus areas. 
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Fig. 6—Silvery pig iron etched with arsenic reagent, 

X 100, showing steadite. Phosphorus 0.05%. Fig. 7 and 

8—Silvery iron containing 0.10% phosphorus etched 
with arsenic reagent. X 100. 


oxide (NO.) are evolved. Add 25 cc of water and 5 c« 
of concentrated nitric acid. Prior to using, add 1 gram 


of potassium persulphate. 


The specimen is ground on 000 or 0000 metallogra- 
phic abrasive paper and immersed in the above solu 
tion from 10 to 30 seconds at 55-60 C. This etch does 


not work on polished spec imens. 


This etch is further improved by the addition of one 
drop of pyridine. With this addition, the etch can be 
used at either room temperature or hot, and com- 
pletely polished specimens can be used. It was observed 
that when the specimen is immersed in one of these 
arsenic etches, sometimes there is a heavy evolution of 
gas; at other times, there is little action. When gas has 
been evolved, the sample is pitted and corroded. It is 
properly etched only when there is a minimum evolu 
tion of gas. It would seem that there are two possibl 


chemical reactions: 


Fe + 2H+ 


—+ Fet++H, 


or 3Fe + 2Ast++ — 3Fet+-+ 2As 


Che first reaction removes iron, the evolved hydrogen 
escapes, and the remaining surface is attacked further 
In the second reaction, the surface of the iron is coated 
with arsenic which protects it from further attack by 
the acid. The function of the potassium persulphat« 
seems to be to react and oxidize the hydrogen as soon 
as it is formed. The pyridine likewise acts in a manne 
similar to that of a depolarizer. Both of these com 
pounds evidently restrain the first reaction and favor 
the second, which is desirable. 


Figures 6 through 11 show the steadite at 100 diam 
eters. Sample A (Fig. 6) contains about 0.05 per cent 
phosphorus and therefore exhibits very few phosphides 
Che irons shown in Figs. 7 and 8 both contain approxi 
mately 0.10 per cent phosphorus and the amount of 
steadite is considerably greater. The distribution of 
steadite differs, however. One might conclude from the 
pictures that about 0.03 per cent phosphorus is in solid 
solution. The size of the particles varies to some extent 
and the location of the phosphides outlines the boun 


daries of the original eutectic grains. 


This sample was reground on 000 metallograph 
paper and given a shorter etch. Figure 9 shows not onl 
the phosphides as white crystals but also the areas 
phosphorus-rich ferrite outlining the eutectic gra 
boundaries. The phosphides occur in the center of thes 
phosphorus-rich areas. 

To further check the accuracy of this etching n 
dium, a sample of 2 per cent silicon pig iron was pr: 
pared. This contained 0.193 per cent phosphorus and 
Fig. 10 shows larger amounts of steadite than in tl 
silvery irons. 

\n arsenic-etched surface of a specimen of stove plat 
whose phosphorus content should be in the neighbot a 
hood of 0.7 per cent is shown in Fig. 11. 


Conclusions ' 


As a result of this study the following conclusions a! ee 
drawn: _ 

1. The graphite of silvery pig iron exists in long ee 
coarse flakes which represent the hypereutectic bor 
and in small flakes which represent the eutectic carbo! 

At 100 diameters the coarse graphite appears fro! 
114 to 3 in. long; the difference between samples 4 
not seem appreciable. The fine graphite is gen rally a 
simple flake, 14 to 34-in. in length, with random orie! 
tation. In some locations the flake graphite is orient 
along dendrites. The fine graphite in some portions ' Lt 
normal but in other portions it is exceedingly 
tends to form a eutectiform pattern. 
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lhe matrix consists solely of alpha silico-ferrite 
in shape varies trom area to area. The crystals 
ner equi-axed Ol elongated Inclusions are not 
LIS 

size of the crystals varies somewhat but this could 


caused by differences in cooling rate in the mold 


Silvery iron lightly etched with arsenic reagent 
ut phosphor MS-T1¢ h areas as well as steadite 
sbphorus 0.10%. Fig. 10 Steadite 171 1yon co? 

193% phosphorus and 2% silicon. Arsen 


etch. X 100 
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DISCUSSION 
( \ \. Crossy, Climax Molvybade mm Cx Detre 
Lo-f ] Hi. N. Myers, Pertect Circle Ca lHiagerstow! 
I 

] I REHDER fie? i ? l ] | per is of value 
that it extends the scanty fune f intormat » the 1 ‘ 
structure ot hig! silicon pig iron It is generally recognize 
lat there s a heredity eflect whict ct through to the 
is cast in the gray iron or malleable tron tounar ina ore 
omplete knowledge of the subject of the authors paper | isetu 

A good deal ot work has been done on the mucrostructure 
of iron-silicon alloys in the range 10 to 16 per cent silicon by 





J. E. Hurst in England. In a paper before the tron and Stee 
Institute in 1944 he showed that the varley-shell” markings 
found when using strong hvydrofluori wid etchant were a 
surface deposit phenomenon In the February (1947) issue of 
the jouw ] ot the Iron and Steel Institute England Hurst 


ind Rilev discuss the microstructure of 15 per cent silicon-iron 


is revealed by an etchant consisting of one part HF. one part 


sn. oe 


HNO ind six parts wate It would be of interest if the 
yme cases it is dificult to determine whether the structures revealed by the author's etchant would also be shown ‘ 
parallel grains are actually separate and distinct ry that of Hurst and Riley 


. T. Easu vritten discussior Th yaper presented by the 
ils or whether, due to internal strains, a large cast : . Pr a 
authors is of interest to the metallographist in showing the 


rain is subdivided into smaller units or twins. structure of high-silicon pig iron and in the development of a 


. . Ww h to steadi vuld o as hors 
he chemical nature of the crystals is identical in all new etch to reveal steadite. I should like to ask if the author 
. : . , have applied their new etchant to white irons and if it will 
irons studied as measured by X-ray diffraction , 
listinguish between cementite and iron phosphide 


hods. R. G. McELwet The author indicated that the phosphide 


. ‘ : ‘ ylutio s 0038 per t rr th lo ) tratio 
Steadite or iron phosphide was found in all sam os vi per cent unc © lower concentrations 


ET ~_ es > oa 


P . E , Do you think that is the function of the amount of phosphorus 
rot [he quantity of steadite can be predicted from the present? The author also indicated that with 0.70 per cent 
lot osphorus content although the distribution and size phosphorus he found a difference in the color. That would 
ly the individual steadite crystals may be affected by the lead me to suspect that with the higher phosphide the changing 
5 of cooling. of the color might mean that more phosphorus is in solution 
, ‘ at the higher concentrations of phosphorus 4 
the course of this study two new etching reagents Dr. Rote and Wood presented a paper and made the claim | 
5 | to be developed: one, for etching the silico-ferrite, that the amount of phosphorus in solution was 0.12 per cent 5 


the other, for easy and reproducible detection of Deenen of Miles. Gtewe Gonet: 
2 International Nickel Ce Bayonne, N. J 


7; 
lite, ® Vanadiu Corr f America. Detroit 
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Does this refute their theory that we can dissolve 0.12 per cent 
phosphorus in iron? 

Dr. SCHNEIDEWIND: I thought that an estimate of 0.03 per 
cent in solution was fair because the 0.05 per cent of total 
phosphorus showed some steadite but the 0.10 per cent showed 
more than twice as much. 

The referred to detected in 
the steadite but in the matrix where one can see a difference 
in color in the background or matrix metal immediately sur 
rounding the steadite. 

I do not believe that an estimate of 0.03 per cent refutes 
Drs. Rote and Wood's estimate of 0.12 per cent because we are 
talking of different things. He is talking of normal gray irons 
with maybe I, 114 to 214 per cent max. silicon The specimens 


difference in color was not 
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studied all contain around 10 per cent silicon 
ferrite matrixes and the gray irons have pearlite mat 

W. H. Wurre*: I have a question with regard to 
nitrate etching. Was the etching agent saturated 
nitrate at room temperature or at the temperatu 
the etch was used, 180° to 200° F.? 

Dr. SCHNEIDEWIND: Our nitric acid mixture cont 
nitrate in excess of saturation at high temperatu 
boiling point. That will etch steel even though it 
alcoholic solution like nital. We were able to etc! 
get clean pearlite and ferrite even though the etc! 
strength water solution of nitric acid. 


* Jackson Iron and Steel Co., Jackson, Ohio 


Part 

jure 
empt 
streng¢ 
ised 1 


Th 


Comn 
Sands 
ment 
Sand 














SEVENTH ANNUAL REPORT ON INVESTIGATION OF 


PROPERTIES OF STEEL SANDS AT ELEVATED 
TEMPERATURES 


D. C. Williams* and P. E. Kyle** 


Introduction 


THIS REPORT COVERS the work on the Sand Re- 
ich Project sponsored by the Sand Division of the 
\merican Foundrymen’s Association which has been 
mpleted during the year 1946 at Cornell University. 
|: is divided into four parts as follows: Part 1 describ- 
ng the Research Furnace, Part 2 reporting on a study 
f reproducibility of hot compressive strength test data, 
Part 3 on the determination of exposure time re- 
juired to heat all parts of the test specimen to the same 
‘emperature, and Part 4 reporting on hot compressive 
strength vs. test temperature for several sand mixtures 
ised in steel foundries. 

The workers at Cornell wish to acknowledge the 
many helpful suggestions by the A.F.A. Sand Division 
Committee on Physical Properties of Steel Foundry 
Sands at Elevated Temperatures, and the encourage- 
ment and advice given by Dr. H. Ries, Chairman of the 
Sand Division. 


PART 1 


Research Furnace 


[he following descriptive material and discussion is 
i record of the design and performance of the research 
furnace for testing sand mixes at elevated temperatures. 


ORIGINAL DEsIGN REQUIREMENTS 


When the need for this furnace was first realized, 
plans were made for the construction of one which 
would meet the following requirements: 

|. The test specimen should be visible when being 
tested. 

2. The furnace should have high heat capacity and 
nput to minimize the drop in furnace temperature on 
he introduction of the test specimen. 

The zone around the test specimen in the furnace 
should be of uniform temperature. 

t. ‘The furnace should be large enough to make trans- 

e tests at elevated temperatures. 
The hydraulic loading system should be designed 
sive varying rates of application of the load. 





rmerly A.F.A. Investigator, Cornell University; now Asst. 
essor, Dept. of Industrial Engineering, Ohio State University, 
bus, Ohio. 

fessor of Metallurgy, School of Chemical and Metallurgical 
eering, Cornell University. 


DESCRIPTION OF FURNACE AND AUXILIARY EQUIPMENT 
The research furnace is shown in the following: 
Figure 1—Vertical section through the furnace show- 
ing specimen location and other details as indicated. 
Figure 2—Horizontal section through the furnace 
showing location of globar heating elements. 

Figure 3—General view of the furnace and some the 
auxiliary equipment. 

Figure 4—View showing wall construction at the 
charging doors. 

Figure 5—View of electrostatic condensers and con- 
trolling switchboard. 


DESIGN OF FURNACE WALLS 


A brief summary of the calculations used in the de- 
sign of the furnace walls and in the determination of 
the power requirements and power input control char- 
acteristics is given below. 

The two major sources of heat loss from the furnace 
are (1) radiation losses from the surface of the furnace 
shell which depend upon the thermal conductivity of 
the walls and, (2) loss in the terminals of the “AT” 
type Globar heating elements. 

The design of the furnace walls makes use of Ohm's 
law for a thermal circuit which is expressed by the fol 
lowing equation: 


tn 2 
KA 
Where H — |! fl i mtd 
ere == heat flow in (sq. ft.) Chr.) (deg. F) 


in. 
T = temperature of hot face in deg. F. 
t == temperature of cool face in deg. F. 
R = “thermal resistance” of composite wall 
R is expressed by the following equation: 


SS om 
KA 
Where L = length of thermal circuit in in. 
; oa BTU 
K = conductivity in——__—_.__—_..—_.— 
(sq. ft.) (hr.) (deg. F.) 


in. 
A == area of thermal circuit in sq. ft. 


R is the sum of the “thermal resistances” of the indi- 
vidual layers of the wall and was found to be 0.1579. 
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T T eee. < meee Tr Fig. I1—Vertical section th 
1] search furnace. Specimen | 
36 ts shown as well as refracto) 
men support that operates as 
Parts are identified as follo 
@ rigid top cross-piece; (2) nin: 
bar heating elements; (3) ol! 
tion port; (4) ceramic disks; 





specimen; (6) compressior 
transverse specimen support 
fixed upper loading post; (8 
, ing lower loading post; (9) ce 
> lle | ae || a [ skidway charging platform; (10 

} cross-piece support; (11) radiatioy 
pyrometer target tube; (12) ci 
1 |] | ing door (full height of furn 
(13) charging platform sup po 
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Fig. 2—Horizontal section througl 
research furnace. Location of ob- | 
: ae __i servation ports, charging door and 


target tube ts shown. | 





HARGING PLATFORM 











Fig. 4—Wall construction throug 
charging door. Outside view show- 
ing furnace without sheet met 
casting; (1) total radiation pyrome- 
ter with target tube for tempe? 
ture control; (2) inner lining; 
intermediate insulation; (4) oute 
insulation; (5) observation { 
(6) electrical connections to heating 
elements. 


fe 




















s 
val 
a 
= 
A. 
a 
Zz. 
< 
a 
«. 
< 
= 





linder and controls. 


’ 


loading c) 


Fig. 3—General view of furnace, 








Wiring diagram for research furnace. 
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Substituting this value for R and using 3000° for T and 
300° for t, H was found to be 17,200 B.T.U. 

Knowing H and the R for each layer the temperature 
gradient through each layer of the wall is calculated. 
These calculated values are then compared with thos« 
gradients assumed originally and are as follows 


Issumed gradients Calculated gradients 


3000°F Hot face 3000°F 
200° F Gradient through ‘“‘Alfrax” BI 450°F 
2800°F 2550°F 
1000°F Gradient through H-W 28 871°F 
1800°F 1679°F 
1500°F Gradient through Superex 1385°F 
300°F Cool face 295 °F 


POWER REQUIREMENTS 

(he amount of power required to balance the heat loss 
by radiation was calculated to be 5.0 kw. The loss from 
18 terminals at 150 watts per terminal is 2.7 kw. Othe 
losses were based on experience and the total input re- 
quired was set at 12 kw. The power input determined 
for two furnace temperature was as follows: 

Average 


Furnace Duration 


Temperature of Test Low Input 
2000°F ihr. | ~ 62kw. 
2500°F 40 hr. 8.3 kw. 


POWER INPUT CONTROL 
Instead of controlling the power input to the furnace 
with a step transformer, the procedure of using electro- 
static condensers was adopted. Figure 6 is a wiring dia- 
gram for the research furnace. The capacity of the 
electrostatic condensers was determined from the fol 
lowing equation: 
108 
CcC=- a ; 
ont |RE 
NW 
and was found to be 845 microfarads when R — 0.646 
ohms, FE == 440 volts, F 60 cycles and W = 12,000 
watts. Seventy-five kva. of capacitors was installed mak- 
ing available 937.5 microfarads to be divided between 
3 parallel circuits. 


DISCUSSION OF RESEARCH FURNACE PERFORMANCI 


The time to bring the furnace up to testing tempera 
ture is a function of the temperature required. The 
safe heating time which has been used is 24 hr. to attain 
1600°F and 36 hr. to reach 2500°F. With greater heat 
input these times could be reduced if necessary. 

Che maximum operating temperature which has 
been used to date is 2850°F. It is doubtful if tempera- 
tures higher than 2950°F can be safely held for any 
extended period of time. 

[he location of the temperature control devices in 
the furnace has been given some study in order to pick 
a location which would cause the controller to indicate 
a temperature corresponding to the temperature at 
tained at the center of the test specimen after it has 
been in the furnace sufficiently long to establish con- 
stant-temperature conditions at that point. Observa- 
tions were made by placing a green 114-in. x 2-in. test 
specimen of a 4 percent western bentonite mixture 
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containing 5 percent moisture in the furna 
specimen had a thermocouple junction at its c 
the temperature controlling couple in the fur 
located at several points in the furnace chamb 
one location in one of the furnace ports. It 
that all locations satisfy the conditions whx 
temperature indicated by the controller con 
to the constant temperature attained at the ¢ 
the specimen. 

The measurement of the temperature drop 
furnace due to the introduction of the test sp 
is somewhat complicated by the fact that such n 
ments are dependent on the mass of the cont: 
device and the distance between the device a: 
test specimen. It is therefore necessary in reporting 
such data to point out that the values reported are o1 
indicated temperature drops shown by the particu 
controlling device when located a certain distance fro 
the specimen. Typical observations made with 
above test specimen at furnace temperatures of 1600°] 
2000°F and 2500°F showed that with the thermocou; 
junction (32 gage wire) located midway between | 
specimen and one of the heating elements, the i1 
cated drop in temperature was about 75°F and 
recovery time was between 8 and 10 min. At a locatior 
in one of the ports of the furnace the indicated 1 
perature drop was about 250°F with a recovery 
of 4 to 6 min. 

In order to observe the performance of the furna 
in heating test specimens, studies were made on | 
time required to heat the 114-in. x 2-in. and 2-in. x 2 
specimens. The arrangements of thermocouples ai 
the procedure in making temperature readings are ex 
plained in Part 3 of this report. ‘Test runs were ma 
at 1600°F and 2000°F on both green and dried spe 
ments of the 4 percent western bentonite, 4 per 
bentonite and 10 percent silica flour, and 4 percent 
western bentonite and | percent corn flour mixes. T! 
results of these tests and the corresponding heati: 
times for the 114-in. x 2-in. green specimens in 
dilatometer are shown in Table I. 


Fig. 5—Electrostatic condensers and switchboa 
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ding system permits the rate of load appli 






to be varied by the use of a by pass valve in the 






line of the loading piston. The maximum load 
an be applied is approximately 1250 Ib which 
0 psiona 2-in. x 2-in. specimen and 1260 psi on 








x 2-1n. spec imen. 


PART 2 


eproducibility of Hot Compressive Test Results 
in Dilatometer 











sting a material such as molding sand at elevated 





itures, there are many variables which can be 







lly controlled and some others which, due to 







ture, cannot be regulated with the same degree 





racy. In obtaining the results which are reported 






the spec ime ns were prepared in a routine man 
nilar to that used by foundry sand testing labora 
and the tests were conducted in the 1944 Model 
eter (Fig. 7), a type used by foundries 










SUMMARY OF Test RESULTS 





stical data on the frequency distribution of hot 
essive strength values for four series of tests aré 






in Fig. 8. In this method of represe ntation, the 






metic mean X is determined as the average of all 






sts made on each mixture. The number of tests which 





d hot compressive strength values within a range 
0 psi (the chosen cell boundary) are plotted at the 


n value within that range. The percentage of all 
which showed values of hot compressive strength 










in 5 percent and + 10 percent of the arithmetic “= 
, Fig. 7—Photo of 1944 dilatomete) 
values are calculated and shown above each of 






pDIiots 





[he most obvious conclusions from Fig. 8 are that 












higher strength levels, there is a wider distribu indicates that the actual value of hot compressive 
of test results and the distribution about the strength may fall between 288 psi and 352 psi. The 
hmetic mean value is not symmetrical. For all mix- same variation of + 10 percent at a mean strength of 
sat various strength levels, between 80 and 88 per- 126 psi, however, refers to a possible spread of test 
of all values are within + 10 percent of the arith results from only 113 psi to 139 psi 
tic mean, while only 47 to 56 percent of all values [here is some indication that other investigators find 
vithin + 5 percent of this mean. In expressing re- that by present test methods about 80 percent of all 
s in this manner, it should be noted, however, that test values can be expected to fall within + 10 percent 
iation of + 10 percent at a mean value of 320 psi of the arithmetic mean. A careful analysis should be 
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made of this conclusion. In a general way, it might be 
said that perhaps a variation of + 10 percent is satis- 
factory considering the nature of the material being 
tested. When it is necessary to study the effects of vari- 
ables on the hot compressive strength at medium or 
high strength levels, extreme care should be used in 
the interpretation of results. 


NUMBER OF TESTs REQUIRED 

While the above analysis based on large numbers of 
tests is useful to evaluate the reproductibility of results, 
it is realized that such procedures would be impractical 
in sand control work in a foundry laboratory. The 
data used to plot Fig. 8 were examined in a slightly 
different manner to determine, if possible, the mini- 
mum number of tests required to give an average value 
which would compare favorably with the average value 
determined by many tests. This analysis of data given 
in Table I was made on only the low and high strength 
mixtures of Fig. 8. 

After an elapsed time of two hours following the 
mixing of the bath, the data show that the average of 
a very small number of test values is nearly the same 
as the average for all of the tests made on that day. 
If testing is done immediately after mixing, as many 
as 8 to 10 casts may be required to get an average vary- 
ing from the mean X by less than 10 percent. 

Although it may not be necessary to conduct many 
tests to get a fair average, it should be noted that a 
few tests may not indicate the spread of values which 
might occur if more tests are made. 


Factors AFFECTING REPRODUCIBILITY 


Cracking of Specimen—In testing the mixtures used 
on the project, it is quite evident that the test specimen 
is cracked due to the heat shock when placed in the 
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determined by testing a specimen which is s¢\ ere}, 
cracked. Specimens heated in the dilatometer wer, 
seen to have developed surface cracks at temperatures 
of about 1200°F and higher. In order to stucy ¢h, 
nature of the cracking, it was necessary to coo! th, 
specimen to room temperature for examination. Th, 
cooling process increased the size of the surface cracks 
but apparently did not cause new ones to form. <A; 
present the effect of cooling on interior cracking has 
not been studied so it will be assumed that the exam. 
ination of the specimen after cooling to room tempera 
ture reveals the effects of shock heating primarily. 

Figure 9 shows a series of sand specimens which hay, 
been treated in the dilatometer in the manner employed 
in the hot compression test, removed from the furnac 
cooled to room temperature, and then examined by 
removing a portion of the loose outer sand layer to dis 
close the interior conditions. One set of specimens 
(Fig. 9a) consist of an hour-glass shaped core sur. 
rounded by what might be called a rind. At the mid 
section of the core transverse cracks are present. These 
transverse cracks are seldom parallel to the ends of th 
test specimen and may be found in widely differen: 
locations along the axis of the specimen. The vertical 
surface cracks occur at random, but the horizontal 
surface cracks occur at point where rind is thinnest. 

Cereal bonded mixtures tend to eliminate surfac 
cracking, but even though a specimen from this type 
of mixture may not show surface cracks on cooling to 
room temperature after heat shock, the rind and core 
formation is still present. This has been determined 
by means of X-ray examination as in Fig. 10 and con 
firmed by subsequent dissection. 

The hour-glass shaped core in all probability results 
from the pressure bulbs formed in the ramming proce- 
dure used in preparing the specimen. Examination of 














dilatometer. The hot compressive strength is therefore specimens of certain other mixtures subjected to the 
Taste 1—ANALYsIS OF REPRODUCIBILITY DATA 
5° West Bentonite 1°, West Bentonite 
5% Silica Flour 10% Silica Flour 
1% Corn Flour 5% Moisture 
4% Moisture 
Daily Groups of Tests l 2 1 2 
Number NIRS 8 Aho tafa 1s ioe te wathens ih ae etc al ine 91 13 Potal 15 56 Total 
134 99 
Arithmetic Mean Value X of .............. Avg. 
Hot Cc jompressive Stre ngth psi Tore 129 120 126 327 314 $20 
g of Tests within + 10% of XN... oo - 80% — —_ 84% 
%, of Tests within ~~ 5% of 4 : ; a -_- 54% — — 47% 
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Avg. of first 3 tests daily 137 136 +6. 2% +13.3% 278 248 -15% 21 
Avg. of first 5 tests daily . 135 137 +4.7% +14.2% 292 258 —11% Is 
Avg. of first 8 tests daily 134 131 +3.9% + 92% 303 276 —75% 12 
Avg. of first 10 tests daily 132 130 +2.3% + 8.4%, 311 282 —4.9%, 10 
Avg. of first 20 tests di aily 130 125 +0.8% + 42% 323 299 -1.2% 48 
lests made starting two hours after mixing Deviation from Deviation from 
: oe; r ‘1 7 l 2 
Avg. of first 3 tests daily ........ 128 126 —0.8% +5% 328 327 +0.3% +4.1 
Avg. of first 5 tests daily ............... 127 120 —i SZ 0 327 324 0% $3.2 
hie GE SE TE GD ou tina ks cnn cviceneees 125 119 atl Fo —0.8% 330 328 +-0.9% $4.5 
Avg. of first 10 tests daily .................5. 126 119 —2.3% —0.8%, 331 323 +1% $2.9 
Avg. of first 20 tests daily ........... ....... 129 119 0 —0.8% 331 $22 +1% += 
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me heat shock conditions show no hour-glass forma- mid-section of the hour glass core would be sufficient to 
van ion (Fig. 9b). The explanation of these two condi- cause transverse fracture in the core at that location. 
- tions has not yet been obtained. Test Temperature—In the course of sand testing at 
be Initial trials using test specimens prepared by “sling elevated temperatures, it will be necessary that com 


ing” indicate this molding method produces cylindrical 
rather than hour-glass shaped cores. 
If all of the material forming the rind of the specimen 
xpands rapidly due to shock heating, it is quite likely 
at the expansion of that portion of the rind at the 


10—Radiograph of sand specimen after heat shock. 
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plete data be obtained for various mixtures over a 
wide range of temperatures. Within these tempera- 
ture ranges, there are regions where the strength-tem- 
perature gradients are steep. Neglect of operating de- 
tails in conducting tests at such temperatures can lead 
to variations. Part 4 of this report contains data on 
several mixtures tested over a wide range of tempera- 
tures and illustrates the point under discussion. It 
should be noted, however, that the maximum strengths 
occur at different temperatures for various mixtures. 
Table 2 lists four of the sands in decreasing order of 
peak strength. If all sands were tested at only one tem 
perature for purposes of comparison, it is readily seen 
that the test would not be conclusive. The abrupt 
changes in strength-temperature relations also points 
to the need for testing at close temperature intervals. 


TaspLeE 2—COMPARISON OF Hot COMPRESSIVE STRENGTH 
DATA 





Max. Temp. H.C.S. H.C.S. 
Mixture H.C:S. at Max. at 1850°F at 2000°F 
psi H.C.S. psi psi 
4%, Western Bentonite 
Mix No. 1 ees 865 1850°F 865 125 
10% Fire Clay Mix 
No 7 «ile dane at 470 2000° F 150 4170 
4% Illite ae itt a $75 1850°F $75 100 
(% Pise Clay .....00. 170 2000°F 50 170 
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Exposure Time—In considering reproductibility of 
test results, it seems logical that equilibrium conditions 
in a test specimen would be the easiest conditions to 
reproduce consistently. Part 3 of this report deals 
with exposure times for shock heating of test specimens. 
From the plots included there, it can be seen that for 
short exposure times, the specimen temperature can be 
very non-uniform. If short exposure times are chosen 
when testing, it will be extremely difficult to reproduce 
the same non-uniform temperature condition in the 
specimen, particularly where the gradient is steep such 
as at the 2-min. and 4-min. exposure times. 


DIscUSSION OF REPRODUCIBILITY 

Ihe testing of specimens which are badly cracked 
is perhaps the cause of most of the troubles in repro- 
ducing test results within close tolerances. It is possible 
that some better method of preparing the specimen can 
be devised. By vibrating the sand in the specimen tube 
for 15 sec. before ramming, some improvement is noted. 
(Vibration is at $700 cycles per minute) . 

To overcome the effect of rapid surface expansion 
relative to center expansion, it would undoubtedly be 
necessary to heat the specimen more slowly by placing 
a cold specimen in a cold furnace and bringing both 
to temperature uniformly or else heating the center 
of the specimen as rapidly as the surface by a radically 
different method; possibly by dielectric heating. The 
former method would require hours and the constitu- 
ents in the sand mixture would undoubtedly undergo 
changes which would not commonly occur in actual 
foundry practice. The latter method has not been 
explored. 

Io minimize the effects of other test variables, it 
seems advisable to use exposure times sufficient to get 
uniform constant temperatures throughout the speci- 
men and to test enough specimens to get a good aver- 
age, particularly in regions of steep strength gradients. 


PART 3 


Exposure Time to Heat Test Specimens tc Constant 
Temperature 

Studies were made to determine the time required to 
bring the center of the standard test specimens up to 
the temperature of the outside of the specimen, both 
being at the specified test temperature within the limits 
of the control and temperature measuring equipment 
being used. 

MEASUREMENT OF TEMPERATURES 

To measure the specimen temperatures, it is neces- 
sary to mount the thermocouples as shown in Fig. 11. 
Due to the small size of the test specimens, it was neces- 
sary to effect a compromise between complete protec- 
tion and no protection for the hot junctions imbedded 
in the test specimens. Therefore, approximately 6 in. 
of each wire (platinum vs. platinum-10 percent rhod- 
ium-32 gage) was tightly wound on a clay cylinder 
(14 in. diameter x 4 in. long) with the junction be- 
tween the windings and separated from them. When 
this assembly was placed at the center of the test speci- 
men, the axis of the clay cylinder was parallel to the 
axis of the test specimen and the junction was on the 
specimen axis midway between the specimen-ends. 
When the assembly was placed at the surface, the axis 
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of the clay cylinder was parallel to the speci: 

and could “see” the furnace chamber. Ten 
readings were taken with only one thermo: 

the specimen, thus two runs and two specin 
required for each set of heating curves. 

Test specimens were in either the green 
condition when introduced into the furnace 
developed by the thermocouple was determi: 
potentiometer that was equipped with a cold junctio; 
compensating feature. All millivolt readings were eo) 
verted to the nearest 5 degrees interval in °F, 


DETERMINATION OF ExposuRE Tim: 

In this report studies are reported showing the tiy 
required to bring a test specimen up to a constant un 
form temperature in the dilatometer and the resear 
furnace. The times recorded were obtained by plotting 
the temperature ys. time relations for the centers an 
surfaces of the specimens and taking from this plo: 


what was considered the correct value. The specimens 


behaved somewhat differently in some tests than i) 
others and it became necessary to use personal judy 
ment in establishing the proper time values. 

In order to explain how this was accomplished, Fig 
12 is included to show four of the typical plots encouw 
tered. Figure 12A shows the common condition wher 
the relations are straightforward and there is litt] 
doubt that from the plot, a time of 12 min. is the tim 
when the temperature is essentially constant throug! 
out the specimen. Fig. 12B is typical of the case whe 
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Fig. 11—Sketch showing thermocouple mountings. 
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Fig. 13~Temperature at center and surface of 114-in. 
liameter test specimens during shock heating in dila- 


TEMPERATURE 





_- T + 





—+ AFTER (3 MINUTES, THE 
SURFACE TEMP FLUCTUATES 
BETWEEN 2535 °F - 2545°F 





atk Ge 











mixture ©; 


ig tr? r, — os - 
f 4% WESTERN BENTONITE 
; A / Si % MOISTURE 
Ul 
i A TESTS MADE ON GREEN 
as —— -+—- SPECIMENS (iN OILATOMETER 
‘ SURFACE rr e 5° 
‘7 CENTER S33 FuRNACE EM 400 
= S--3 curnace remP 1600°F 
S---B evuenace rene /aso*r | 
S--s euenace TEMP 2000°F | 
2 * S—-3 FuRNAcE TEMP 2500°F 
MOICATES EXPOSURE TIME TO 
H | REACH CAVSTANT TEMP 
ia oa oe 











SPECIMEN EXPOSURE T/ME - MINUTES 


fometer. 





the readings continue constant for some time and then 
later, due to variations in the heating and the tempera 
ture recording, the values change usually to a slightly 
higher level. Under these conditions it was felt that 20 
min. was the proper value to record as the point wher 
constant conditions were reached. In other cases it was 
impossible to get the furnace adjusted exactly for the 
run to get the curve for the surface condition and the 
following run to get the data for center conditions. 
In such a case as in Figure 12C it is noted that the 
maximum temperatures attained were slightly different 
and the curves crossed each other. In this case the value 
of 25 min. was thought to be the proper one to record. 
In Fig. 12D is shown a typical case where the tempera 
tures approach the temperature of the furnace and then 
drift very slowly upward. This type of plot was the 
most difficult to interpret and the values of 24 min. 
shown is the best value which could be chosen unde1 
the circumstances. 


SUMMARY OF Test RESULTS 


Using the above described methods of measuring 
temperature and determining exposure time, the re 
sults shown in Fig. 13, 14, 15 and 16 were obtained. 

The exposure times taken from these plots are sum- 
marized in Table 3 and Fig. 17. 

The detailed plots are given in Fig. 13-16 because it 
is felt that as we find out more about the conditions 
within a sand mold during pouring and solidification 
of the casting, these actual data based on time and tem 
perature will be extremely useful. They also indicate 
the wide variation in temperature, surface to center, 
of specimens heated for short times for hot compression 
testing. 
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Fig. 14—Temperature at center and surface of green 
l\f-in. test specimens during shock heating in dila- 


Fig. 16—Temperature at center and surface of green 2 
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15—Temperature at center and surface of green 
g-in. test specimens during shock heating in research 
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17—Exposure time for center and surface of test 
imen to reach constant temperature during shock 
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TABLE 3—ExposurRE TIME TO REACH CONSTANT 
‘TEMPERATURE 
4% Western Bentonite—5% Moisture 





2-in. x 2-in. 


Furnace 114-in. x 2-in. Specimens Specimens 
Teper ———————— ————— — 
oF In Dilatom- In Research In Research 
eter, Min. Furnace, Min. Furnace, Min. 
600 19 
22 31 45 
1000 18 20 40 
1600 14 14 25 
2000 12 12 24 
2500 ll 13 





Table 3 and Fig. 17 summarize the data in this part 
of the report and clearly show the longer time required 
to heat the larger specimen. Two tests were made at 
600°F in the dilatometer to verify the results which 
indicate that a somewhat shorter time is required for 
heating than in the research furnace. 


PART 4 
Hot Compressive Strength vs. Test Temperature 


In order to obtain complete test data on hot compres 
sive strengths of molding sand mixes, it was felt desir- 
able that tests be conducted over a wide temperature 
range which would include all maximum temperatures 
to which sand is subjected in various parts of a mold 
during pouring. A series of such tests was planned and 
Fig. 18, 19, and 20 represent the first three sets of results. 

Although it is possible to evaluate in a general way 
the effect of corn flour by comparing Fig. 18 and 19 
and the effect of moisture by comparing Fig. 18 and 20, 
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BETWEEN 200°F AND 800°F THE 
STRENGTHS OF THE FIVE 
SAMPLES NOT PLOTTED ARE 
FROM 7 TO 17 PSI 
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Fig. 20—Hot compressive strength vs. te mperature of sand mixtures at 3 percent moisture. 


any real conclusions as to the effects of these and other 

ariables cannot be made until further data are avail 
ible. These add‘tional data are now being obtained 
nd will be reported in subsequent reports. 


Summary and Conclusions 


lhe furnace which has been designed and con 
structed as a part of this project is working satisfactorily. 
Specimens can be heated uniformly and can be seen 
throughout the test at elevated temperatures. The 

eating chamber is large enough to permit carrying out 

sts on transversely loaded specimens and other special! 
specimens as the program requires. The maximum 

mperature which can be used in this furnace for ex 
iended test periods is 2850°F. 

Based on many tests of several sand mixes at elevated 
emperatures, statistical studies indicate that with 
present test methods, it is reasonable to expect that hot 

pressive strength values will vary within approxi- 
ately + 10 percent of the arithmetic mean. The fac- 
rs Causing such variations are discussed in detail, but 
ost evidence points to the preparation of the speci- 

n as the most critical. Until better techniques can 

developed, it seems advisable to exercise great care 

testing, heat until the specimen is heated to a con- 
ant test temperature, and test a sufficient number of 
pecimens to obtain a good average. 

Tests were conducted to determine the time neces- 
iry to heat the 11{-in. diameter and 2-in. diameter test 
ecimens to a constant temperature throughout. In 

dilatometer the time for heating the 114 in. speci- 
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mens varies from about 21 min. at 600°F to 11 min. at 
2500°F while in the research furnace the times are 
$1 min. and 13 min. respectively. A smooth curve aver 
aging the data shows that the heating times for both 
furnaces are essentially the same except at low tempera 
tures. ‘The 2-in. diameter specimens could be studied 
only in the research furnace and the time required 
was found to be 45 min. at 600°F and 21 min. at 2500°F. 
It appears, therefore, that the heating time of 20 min. 
being used on the hot compressive strength (H.C.S.) 
tests on the project is satisfactory. 

Due to the fact that the peak strengths of various 
sand mixtures do not occur at the same temperature, it 
is necessary to obtain complete H.C.S. data over a wide 
temperature range in order to compare their strengths. 
It was decided, therefore, to obtain H.C.S. values for 
several mixtures over as wide a range of temperatures 
as possible. Such data from 200°F to 2500°F are pre 
sented in the report for 4 percent western bentonite, 
+ percent southern bentonite, 4 percent fire clay, 10 per 
cent fire clay, 4 percent illite, and 4 percent halloysite 
mixtures. One set of results is on all mixtures at 5 per 
cent moisture, and another at 3 percent moisture. A 
third set of data is for all mixtures at 5 percent moisture 
with an addition of | percent corn flour to each. Fur 
ther tests are in progress and conclusions can best be 
made when these results are obtainable. The 4 percent 
western bentonite and the 10 percent fire clay mixtures 
show superior strength properties at elevated tempera 
tures, the former reaching its maximum value at about 
1850°F and the latter at about 2000°F. 








EFFECT OF COKE QUALITY 
ON CUPOLA MELTING 


By 


D. E. Krause 
Battelle Memorial Institute 
Columbus, Ohio 


DEFINITION OF THE TERM “‘coke quality” depends 
to a considerable extent on what is demanded of the 
coke. Coke considered of suitable quality for one opera- 
tion may not be at all satisfactory for another. Further- 
more, the cupola operator may have so adjusted his 
cupola operation that he gets satisfactory operation 
with what might be described as a mediocre coke. Un- 
der such conditions, it is entirely possible that the sub- 
stitution of a coke of higher quality might even result 
in less satisfactory operation for this man. The quality 
of coke may vary in several ways. Some of these are: 
(1) coke size, (2) uniformity in size, (3) strength or 
resistance to breakage, (4) combustion characteristics, 
and (5) sulphur content. The last-named factor has 
seldom caused much difficulty. 

Although any variations in the properties enu- 
merated in the foregoing may be considered to be a 
change in coke quality, probably the most-used criterion 
of coke quality is the effect on the temperature of the 
iron. Whenever a decrease in iron temperature is ex- 
perienced, particularly when a new car of coke is re- 
ceived, the coke often receives the blame. Other notice- 
able effects of a variation in coke quality, or rather a 
decrease in coke quality, are increased blast pressures 
and difficulties with bridging in the tuyere zone. 

It is sometimes possible to offset a decrease in coke 
quality, as judged by a drop in iron temperature, by 
increasing the size of the coke charges. But if more coke 
is used, more air with corresponding higher blast pres- 
sures is needed to maintain the same melting rate. 
Many blowers lack the reserve capacity to produce the 
higher pressures and, in such cases, iron temperature 
and melting rate may both drop. 


Coke Properties 


The objective of this discussion is not to set up stand- 
ards for coke quality or to consider the various factors 
that may affect the quality of coke. Such a considera- 
tion is the subject of a previous paper, “Foundry Coke 
Characteristics and Quality Factors,” published in July, 
1947 issue of AMERICAN FOUNDRYMAN. The prime pur- 
pose of this discussion is to indicate to the cupola opera- 
tor what he might expect in his cupola operation with 

This discussion was presented at a Gray Iron Shop Course Ses- 


sion of the 51st Annual Meeting, American Foundrymen’s Associa- 
tion, at Detroit, April 29, 1947. 


a change in coke quality and, also, what he mig! 
order to get the best out of the coke available. 

Although there is no intention of discussing the yar; 
ous properties of coke in detail, it is, nevertheless, desi) 
able to enumerate some of the properties of coke and 
how they affect its performance in the cupola. Thy 
size of the coke is quite important, not only from th: 
standpoint of maximum size but, also, uniformity of 
size. Since coke must withstand fairly rough handling 
and also must support the weight of charges in th 
cupola, the strength of the coke is an important 
property. 

A smaller coke of good strength may give more satis 
factory operation than a large coke which is weak. Wit! 
a small strong coke, cupola conditions can be set up to 
give optimum results for coke of that size. In the cas 
of the weak coke, a change in coke size will occur ir 
handling and it will be difficult to set up proper condi 
tions. Another property of coke is its combustibilit 
or reactivity. Although these are not the same thing, 
they are closely related. In one sense, combustibility is 
the rate of burning for a given rate of oxygen suppl) 
Reactivity is the rate of reaction between the coke and 
CO,. One factor related to combustibility, the ignition 
temperature, affects the combustion of the coke. 


Handling of Coke 


A coke with a low ignition temperature is likely to 
give high “solution” losses in the preheating zone ol 
the cupola. As to the ignition temperature of coke, this 
is fairly closely related to the volatile matter content 
Since this is the case, coke producers usually keep quit 
close control over the volatile matter content of the 
coke. The fixed carbon content of the coke also has 
some effect on its combustibility as well as its rate of so- 
lution in the iron. In general, a high fixed-carbon cok 
will tend to produce hotter and higher carbon irons 
than a low fixed-carbon coke. This is not a hard-and 
fast rule since other factors must be considered. Al 
though comparatively little is said about the fusion 
point and other properties of the coke ash, it is con 
ceivable that a change in coke source may affect cupola 
operation through a difference in ash properties. 

As a result of general shortage of coke, classification 
of coke by screening to given sizes has, in many cases 
been dispensed with in order to increase the yield. Al: 
though the screening of coke at the coke plant is no! 
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eptionally rough treatment, it subjects the coke 
ficient tumbling action to stabilize its size. Too 
the handling of the coke by the foundrymen is 
lerably more drastic than that employed by the 
yroducer and, as a result, a coke of satisfactory size 
time it left the coke plant may have been so badly 
d in subsequent handling that it is considered un- 
actory at the time it reaches the cupola. Coke is 
herently brittle material and cannot be made 
zer without affecting some of its other properties. 


Coal Quality Lower 

though the coke producer exercises considerable 

ire in the production of the coke and the running of 

wens, he is, nevertheless, dependent on the quality 

e coal supplied to him. Since it is well known that 

tock piles of coal are at a very low point and that the 

quality of coal has decreased generally, the coke pro- 

ducer is somewhat limited as to what he can do with re- 

gard to coke strength. The cupola operator often can 

prove his operations considerably through better 
handling of coke. 

There are three places in the handling of coke at the 
foundry where breakage can be reduced. These are in 
the unloading of cars, in the handling of the coke from 
the stock pile to the point at which it is weighed, and 
in the charging operation. As to unloading coke, the 
use of a clamshell bucket is highly unsatisfactory. Sim- 
ilarly, the dropping of coke from a self-dumping bucket 
or a box from a substantial height onto either a con- 
crete platform or onto the bottom of a steel bin subjects 
the coke to unnecessary breakage. All unloading and 
handling operations should be conducted in such a 
manner that the coke is subjected to the least amount of 
shattering or crushing. 

Considerable damage to coke often occurs through 
improper charging methods. If coke is unnecessarily 
broken up in unloading, the coke pile will contain 
rather small coke and large coke. If coke from this pile 
is randomly selected, it is quite likely that successive 
charges of coke will be nonuniform as to size. One 
charge may be made up of quite large coke, whereas the 
ensuing charge might be made of the small under-sized 
coke. In mechanical charging methods, it has been 
found generally that better results are obtained if the 
coke is charged on top of the bucket rather than on the 
dbottom. 

Some types of charging buckets are easier on coke 
an others. In charging with a drop-bottom bucket, 
akage of coke can be minimized considerably by 
keeping the cupola full. If the cupola is operating with 
top of the charges six feet or more below the bottom 
the bucket, an undue amount of coke breakage will 
ult. A decrease in coke quality due to lower strength 
be offset by more careful handling in the plant. 


+} 


Coke Quality—Relation to Cupola Melting 


\lthough coke quality is certainly one factor in cu- 
i operation, every case of unsatisfactory operation 
not be always attributed to poor coke quality. Since 
results obtained with a given coke depend a great 
on the way in which it is used, some time will be 
oted to a discussion of cupola operations and how 
‘tions in operation will affect the results obtained 
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from the coke. The results reported and conclusions 
reached during discussions of this type would be of con 
siderably greater value to the cupola operator if cupola 
operations were under much better control than they 
are at present. 

Too often, the cupola is the most neglected piece of 
equipment in the foundry. This is a highly regrettable 
state of affairs since the quality of the casting leaving 
the foundry is very much dependent on the quality of 
the metal leaving the cupola spout. Foundrymen often 
spend comparatively large sums of money on molding 
equipment, but object strenuously to spending even a 
small amount on proper maintenance of a rather re 
markable melting unit such as the cupola. It is only 
because of the remarkable nature of the cupola that sat- 
isfactory or reasonably passable operation is obtained 
with such gross neglect. 

It might be a surprise to many foundrymen to learn 
what they could get out of a cupola if it were operated as 
carefully as an electric furnace. The cupola has been 
proven to be one of the most economical types of melt- 
ing furnaces available. Not only is it remarkable with 
reference to operating cost, but with proper control, it 
can be depended upon to supply iron of guaranteed 
physical properties. 

Another factor which is often neglected or lost sight 
of is the fact that the coke not only supplies heat to 
melt and superheat the iron but the coke also acts as 
a refractory material to support the charges in the 
proper position for correct melting. Better results from 
a given quality of coke are invariably obtained by bet 
ter control over the cupola operation. 


Controlled Charging 


A cupola and its operation are usually neglected in 
one or two ways; (1) as to maintenance of the cupola 
as a mechanical unit and (2) as to the proper weighing 
or measuring of the materials going into the cupola op 
eration. Such materials not only include the iron 
charge but also the coke, stone, and the air charges. 

If consistently good results are desired, it is highly 
important that all materials going into the operation be 
carefully controlled. Not only is the weight of the ma- 
terials important but, also, the size of the materials, 
particularly with reference to scrap. Uniformly good 
operation cannot be obtained by using small pieces of 
material on some charges and heavy pieces on others. 
The rate at which the pieces melt depends on their 
melting point and their mass or weight, with other fac- 
tors constant. 

The extent to which the various factors in cupola op- 
‘ration, cupola construction, and cupola equipment af 
fect the results obtained from a given quality of coke 
will be discussed. For the sake of simplicity, a cupola 
can be divided into five zones; namely, the preheating 
zone, the melting zone, the superheating zone, the 
tuyere zone, and the well. The effect of changes in coke 
quality on its behavior in the various zones of the cupola 
varies to some extent since some properties are more 
important in some zones than in others. 

One of the materials entering into cupola operation 
not always fully appreciated by the foundryman is the 
air. When it is considered that as much air by weight 
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material should be apparent. Unless the foundryman 


has some control over the rate at which air is supplied to 


the cupola, he is at a disadvantage in getting the best 
results from the other materials in the charge. 


Cupola and Equipment 


There is no cupola operation too small not to war- 
rant the installation of a blast-pressure gauge and a 
blast-rate indicating device. For larger operations, 
only a controlling air-weight device should be consid- 
ered, preferably a recording type. The larger operation 
should also use a recording pressure gauge. Neither 
the installation of an air-weight control nor a record- 
ing blast-pressure gauge will guarantee good cupola per- 


formance, but they will help in enabling the operator 


to reproduce the conditions found to give most satisfac- 
t ry pl actice. 

The various air-weight control devices now sold for 
use on the cupola automatically compensate for changes 
in the density of the air and, therefore, supply a prede- 
termined weight of air, whether it is indicated as cubic 
feet or pounds. A blast-pressure gauge is a useful instru- 
ment for indicating the conditions within the cupola. 
Fluctuations in windbox pressure with a constant rate 
of air supply are an indication that melting conditions 
are varying within the cupola. To allow such irregulari- 
ties to persist day after day is an indication that the ad- 
vantages of a pressure gauge are not appreciated by the 
cupola operator. 

A change in pressure may indicate a change in bed 
height or such other irregularities as bridging and in- 
correct charging practice. Quite often, full advantage 
of air-control devices is not obtained because of incor- 
rect installation or numerous leaks in the blast pipe 
and windbox system. Every effort should be made to 
keep the blast pipe and windbox system free of air leaks. 
Quite often an allowance of 5 to 10 per cent is made for 
air leakage. Such a condition should not be tolerated as 
it is entirely unnecessary. 

With comparatively little effort, a blast pipe and 
windbox can be kept entirely free of leaks. Tuyere cov- 
ers should be removed at regular intervals and resur- 
faced to prevent leakage at this point. However, it is 
not enough merely to stop air leakage in the blast pipe 
and windbox system. It is important that tuyeres be 
made to fit tightly against the cupola shell to prevent 
air from passing between the tuyere and the shell. As 
a result of various A.F.A. activities, there is a gratifying 
trend on the part of foundrymen toward greater appre- 
ciation of the importance of air measurement. 


Air Distribution Important 


With regard to distributing the air within the cupola, 
some operators attach too much significance to the de- 
sign of the tuyeres and the tuyere ratio. Quite often, 
an otherwise good cupola installation will not give op- 
timum results because of poor distribution of air around 
the cupola. In order to obtain maximum iron tempera- 
ture and uniform results in the cupola, it is essential 
that air be equally distributed among the tuyeres. A 
cupola in which one side is supplied with more air than 
the other will melt unevenly and produce iron of un- 
predictable properties. Not only will the iron proper- 





is being used as iron is melted, the importance of this 
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ties suffer, but it will be necessary to use more ¢5} 
order to keep the lowest part of the bed above t! 
mum desired level. This means too high a bed 
other side of the cupola. 

As to tuyere design, some operators prefer continuoy. 
tuyeres, others, intermittent tuyeres. Either type work 
under proper conditions. Tuyere ratios will vary {ro 
2:1 to 8:1 and even as high as 12:1. The distribution 
the air in the cupola and the path followed by 
cending gases depend to a great extent on the distriby 
tion of materials and size of the voids in the stack 
cupola rather than on such factors as tuyere a 
tuyere design. Air and gases in the cupola follo 
path of least resistance, and comparatively little can ty 
done about this path by adjustments or alterations o| 
tuyere design. 

One factor in cupola design that has a profound effec 
on the results obtained from the coke is the distan: 
from the top of the tuyeres to the top of the charges o. 
stock height. This distance may vary from as little as 
9 ft to an extreme of 22 ft. Cupolas having stock height 
of less than 12 ft require very careful supervision of th. 
charging operation in order to get reasonably satisfa 


tory results. 

Cupolas with short stacks can seldom be operated a 
melting rates as high as those obtained with cupolas o| 
the same diameter but with greater stock height. No 
only is the height of the charges important but, also 
that they be kept at a uniform height throughout th 
operation. An often-observed practice of allowing th: 
top of the charges to drop five or six feet in the cupola 
and then bringing the charges up to normal level ™ 
sults in irregularities in iron temperatures as well as 
melting rate. 

For normal operation, stack heights or rather stock 
heights in excess of 18 ft seem unnecessary since a highe: 
blast pressure is required to force the air through the 
cupola. With unnecessarily high stacks, solution losses 
with coke of high reactivity may become rather high 
The higher stacks are required when high melting rates 
are desired or if special types of cupolas such as th: 
balanced-blast cupola are used. 


Charging Equipment and Practice 


Frequently, poor operation has been blamed on th 
coke, whereas it should have been placed on poor « harg 
ing practice. Charging equipment and practice which 
tends to give unequal distribution of materials in the 
cupola cannot help but result in uneconomical opera 
tion. In coke of very high quality, it is sometimes pos 
sible to obtain acceptable results under these conditions 

However, with a decrease in the coke quality, the 
effect of poor charging practice is quite evident. his 
not only refers to lopsided charging, that is, charg 
being higher on one side of the cupola than the othe! 
but also to segregation of the charge material as to siz 
A system which consistently charges fine materials 11 
one part of the cupola and coarse materials in anothe! 
contributes to nonuniform gas flow in the preheating 
zone and uneven bed height. 

Some charging systems have a tendency to create high 
charge density in the center of the cupola and leave th 
charges at the periphery rather open, thereby allowing 
most of the ascending gases to travel up along the lining 
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¢ a condition is conducive to poor coke economy, 
elting rate, and cold iron. Some types of charging 
ts are harder on the coke, thereby decreasing the 
tiveness of the coke. 
proper selec tion of charge materials as to size will 
result in nonuniform flow of gases in the preheating 
with the result that some of the metal pieces will 
be insufficiently preheated when they reach the melting 
whereas others will be melted above the zone. 
nless some skill is exercised in their manipulation, 
t ise of wheelbarrows for charging cupolas is not 
iys satisfactory. Similarly, other charging devices 
ch introduce the materials by means of a chute from 
side of the cupola are apt to cause considerable seg- 
regration of the materials in the cupola. In small cu- 
as, however, it is possible to obtain reasonably good 
sults with such equipment if ample precautionary 
ins are taken. 


Lining in the Combustion Zone 


Unsatisfactory results attributed to coke can often be 
raced to unsatisfactory patching practice in the cupola. 

When it is realized that more heat is required to form 
a pound of slag than to melt and superheat a pound of 
iron, the importance of keeping melting-zone erosion 
or burn-out to a minimum can be appreciated, 

Not only is heat required to melt and flux the refrac- 
tory burned out, but the increase in volume in the melt 
ing zone must be compensated for by adding additional 
coke. If the melting zone could be maintained to the 
desired dimensions throughout the heat, considerable 
savings in coke could be realized in addition to less 
trouble with bridging and freezing up of tuyeres. 

Not only must the materials and the technique used 
for patching the melting zone be good, it is also neces- 
sary that it be properly dried out and preheated before 
melting actually takes place. Flash heating of the sur- 
face of the patch when it is still backed up by wet mud 
should not be considered satisfactory practice. 

Poor patching materials or patching techniques also 
result in a comparatively large amount of sticky mate- 
rial dropping past the tuyeres and often freezing in 
front of them. This freezing of material in front of the 
tuyeres materially affects the distribution of air in the 
tuyere zone. This material in front of the tuyere often 
builds up forming a bridge in the tuyere zone. Not only 
does the quality of the material used in the patching of 
the melting zone have an effect on the operation but 
also the dimensions to which the zone is patched. 


Lighting-Up Practice 

Under some conditions, an improvement in tempera- 
ture can be realized by decreasing the cross-sectional 
area of the cupola in the melting zone without changing 
it above the melting zone. Such a practice will increase 
the blast concentration, i.e., pounds of air per square 
toot of cupola area, and thereby extend the melting and 
superheating zones, providing a greater height of hot 
coke through which the iron can be superheated. 

A poor job of lighting the bed in the cupola will often 
completely obscure any effect of a change in coke qual- 
ity. It is highly important that the bed-lighting opera- 
tion be conducted in such a manner that the well of the 
cupola is thoroughly preheated before melting starts. 
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Very little combustion takes place in the well zone, and 
once the coke has dropped into this area, most of the 
heating of the refractories in the well is through absorp 
tion of sensible heat from the coke in that portion. 

The method followed in lighting the bed has a pro 
found effect on the drying out and preheating of the 
refractories in the combustion zone. Sufficient time 
should be allowed for lighting the bed to ensure estab 
lishing equilibrium between the temperature of the 
surface of the refractories and the rate of heat flow to 
the shell. It is impossible to establish such a relation 
ship in less than several hours. Although it is desirable 
to put the blast on the bed for a short time before charg 
ing is started to clean it of ash and, also, to cause it to 
settle down so that the height of the bed can be properly 
measured, the use of the blast should not be relied upon 
to offset an otherwise poor light-up operation. 

In burning-in the bed, some care must be taken to 
regulate the air so as not to burn the coke to too small 
a size. If burning of the bed is prolonged too far or 
permitted to progress too vigorously, the bed will be 
filled with small coke rather than with the more desi! 
able larger size which was charged. This small coke will 
burn rapidly at the beginning of the heat, thereby caus 
ing a rather drastic drop in bed height unless precau 
tionary measures are taken. The quality of the bed 
lighting operation can be judged by the temperature of 
the first iron out of the cupola. 


Effect of Coke Quality on Operating Conditions 
in the Five Zones of the Cupola 


As pointed out previously, a change in coke quality 
may affect the operation of the cupola differently in the 
various zones existing in the cupola. Some properties 
of coke which might make it very desirable with refer- 
ence to the performance in the tuyere zone might make 
it unsuitable to fulfill its proper function in the pre- 
heating zone or in one of the other zones. 

With reference to the function of coke in the pre 
heating zone, the primary purpose is to support the 
metal charges and, therefore, resist crushing due to the 
movement of the stock down the cupola and to the im- 
pact resulting from the addition of new charges. A de- 
crease in the size of the coke or in the strength of the 
coke, thereby resulting in greater crushing and reduc- 
tion in its size, will result in greater resistance to gas 
flow through the cupola stack. Higher blast pressures 
will, therefore, be encountered, with a greater tendency 
for the gases to pass up along the lining. 

Another property of coke which will affect its per 
formance in the preheating zone of the cupola is its 
ignition temperature and reactivity. A coke with too 
low an ignition temperature will start to burn through 
the reaction of carbon dioxide, which produces car- 
bon monoxide in this zone. Should this occur, consid- 
erable loss of coke takes place before it reaches the 
melting zone where it is needed. Since the ignition 
temperature is related to the volatile matter content, it 
is desirable to keep the volatile matter contents about 
one per cent. 

The primary function of coke in the melting zone is 
to supply sufficient heat to melt the iron charges above 
it. Although many diagrams showing the position of 
the coke and iron charges in the cupola stack show well- 
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defined layers of coke and iron, this is seldom the case 
in actual practice. 

Charges become somewhat scrambled in their de- 
scent through the cupola so that by the time the melting 
zone is reached, melting may occur through an appreci- 
able depth. In a well-balanced operation, this melting 
is restricted to a fairly narrow well-defined zone. Opera- 
tions not so well under control may have an appreciable 
extended melting zone. This is not desirable from the 
standpoint of chemical composition and metallurgical 
control of the properties of the iron. 

If the decrease in coke quality is merely due to a 
decrease in size, the small coke in the melting zone will 
result in increased blast pressures and a narrower melt- 
ing zone. Due to the comparatively large amount of sur- 
face exposed when the coke is small, coke combustion 
may take place at a more rapid rate than desired, there- 
by necessitating the use of more coke to keep the bed at 
a safe height. The question of volatile matter content 
of the coke is very likely wiped out before the coke 
reaches the melting zone, since the time required to pass 
through the preheating zone is usually sufficient to 
drive off the excess volatile matter. 


Effect of Ash Content 


The ash content of the coke as well as the fusibility of 
the ash would be expected to have some effect on the 
performance of the coke in the melting zone. If the ash 
cannot be fluxed off rapidly, it is possible that the coke 
in the melting zone will become rather gummed up, 
causing sudden rises in pressure and a decrease in iron 
temperature. 

Some of the remarks made relative to the performance 
of coke in the melting zone also apply to the coke in 
the superheating zone. The superheating zone is that 
part of the coke bed at the highest temperature. It also 
corresponds to a zone of complete combustion. In this 
zone, all oxygen has been eliminated and carbon diox- 
ide content of the gas is at a maximum. This region 
corresponds to the area of maximum burn-out in the 
cupola, ordinarily 15 to 18 in. above the tuyeres. 

If coke becomes small, this superheating zone will 
become shallower due to more rapid reaction between 
the oxygen in the air and the carbon in the coke. Al- 
though it is difficult to set up a test designed to indicate 
the temperatures reached by the combustion of the 
coke, it is felt that some changes in combustion charac- 
teristics of the coke may be reflected in the temperature 
reached by the coke in this part of the cupola. Cokes 
of low carbon content are not likely to reach as high 
temperatures as those of higher carbon contents. 

If a coke is of small size in the superheating zone 
either because of initial small size or due to crushing as 
a result of low strength, the superheating zone can only 
be extended by increasing the blast rate. In order to 
keep coke at maximum temperature in the superheat- 
ing zone, it is desirable to keep the coke clean by means 
of sufficient slag, high in lime, to wash off the ash pro- 
duced in the combustion of coke in this zone. This 
scavenging action of the high-lime slag in the superheat- 
ing zone is highly important if maximum temperatures 
are desired. Conditions in the superheating zone also 
influence the carbon picked up by the iron. 
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A difference in coke behavior has often been obs. rye, 
at the tuyere level. Some types of coke seem to tyr, 
dark more rapidly than others after the blast is tiirneq 
on. In this regard. blast temperature has a pron 
effect on the temperature of the coke immedia ir 
front of the tuyeres. Even a mild increase of tem»er, 
ture from 70 to 250 F has a noticeable effect. 


Coke Reactivity Factors 


From the standpoint of maintaining high temper, 
tures immediately in front of the tuyeres, a highly rea 
tive coke would be desirable. However, as pointed ou: 
previously, such a highly reactive coke would be « 
stroyed at a fairly rapid rate in the preheating zone 
It would be a nice thing if a highly reactive coke could 
be safeguarded against solution losses in the preheating 
zone until it reached the tuyere zone. The temperatur 
of the coke near the tuyeres, in addition to being af 
fected by coke quality and blast temperature, is als 
affected by melting rate and the amount of slag dro; 
ping to the well. . 

Since combustion of the coke is not complete unti 
the superheating zone is reached, the temperature ot 
the coke at the tuyere level is of necessity lower thai 
that in the superheating zone. The temperature of th: 
coke in the tuyere zone is appreciably increased by th: 
descent of the hot iron and slag from the superheating 
zone above. It was frequently observed that a cupola 
exhibiting a considerable amount of iron dropping pas 
the tuyeres will have cleaner tuyeres than one in whic! 
the melting takes place farther toward the center of the 
cupola. 

The matter of ash content of the coke is probably 
important in the tuyere zone. The low-carbon coke is 
more likely to result in a colder tuyere-zone area than a 
high-carbon coke. Small coke at the tuyere zone wil 
result in poor penetration and distribution of the air 
blast. Too small a coke in the tuyere zone is also like! 
to result in bridging in front of the tuyeres. 

The effect of coke quality in the well zone is probably 
not nearly so pronounced as it is in a tuyere melting 
and preheating zone. Small coke in the well may causé 
some difficulty with the slag hole becoming pluggec 
with pieces of coke. A coke of very low reactivity, that 
is of high ash content, may result in a colder operating 
slag hole and give some difficulty with free slagging. 

Low-carbon cokes are apt to give less carbon absorp 
tion in the well than high-carbon cokes. However, since 
a high-carbon coke is also likely to develop more heat 1! 
the superheating zone, it is difficult to determine 
whether greater carbon pickup resulted from the con 
tact with the coke in the well or with the hotter coke 1 
the superheating zone. A well filled with very smal 
coke will, of course, have less metal capacity than on: 
filled with fairly large coke. 


Factors Affecting Iron Temperature 


If the various factors which affect the temperatu! 
the iron as it reaches the well in the cupola are ciass! 
fied, it will be found that there are only three primary 
factors responsible for metal temperature. ‘These ar 
(1) the amount of steel in the charge, (2) the depth of 
the superheating zone, and (3) the temperature of the 
superheating zone. Of course, the temperature of th 
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tapped also depends on how long it is held in the 

of the cupola and some of the other conditions 
ng in the cupola well. 

mn temperature depends on the amount of steel in 

,arge because steel melts at a considerably higher 

rature than pig iron or scrap iron. The drops 

rburized molten steel start out at an initial tem per- 

approximately 500 degrees higher than drops of 

n iron. A drop of molten steel, therefore, does 

quire as much superheating as a drop of molten 

in order to reach a desired temperature of, say, 

9300 F. All other things being equal, hotter iron should 

xpected when the amount of steel in the charge is 


as¢ d. 


Superheating Zone Depth 


[he depth of the superheating zone, of course, affects 
iron temperature, since too short a zone will not allow 

drops of iron descending through this zone to ab- 
sorb the heat available. Coke size, reactivity, coke ratio, 
and blast rate affect the depth of this zone. The temper- 
ature of the superheating zone in turn is affected by 
nelting rate, coke quality, blast rate, and blast tempera- 
ture. It is also quite likely that the amount of slag fall 
ing through the superheating zone affects its tempera- 
ture, since it cleanses the coke and exposes fresh carbon 
to the oxygen entering the combustion zone. 

\lthough the three primary causes enumerated above 
can be held responsible for iron temperature, there are 
a number of factors which contribute to the three causes 
and make the relations more complicated. The remarks 
above also indicate that certain changes in coke quality 
or cupola operation affect not only the depth of the 
superheating zone, but the temperature as well. Most 
often, the two factors cannot be varied separately. 

In analyzing operations of cupolas in a number of 
foundries and comparing the results obtained, it was 
found that there was a fairly good relationship between 
the rate of combustion of coke per square foot of cupola 
area and the temperature of the iron obtained. The re- 
lation was somewhat independent of coke ratio. 

Analysis of the operations of cupolas that produce 
hot iron indicates that the air to coke ratio is on the 
order of approximately 8 to 9 lb of air per lb of coke. 
With such an operation, the carbon dioxide content of 
the stack gas falls within the range of 12 to 14 per cent. 
Excessive air to coke ratios indicate that an attempt is 
made to drive the cupola at a rate faster than iron can 
be melted. 

Carbon dioxide contents of the stack gas of less than 
12 per cent indicate that too much coke or too little air 
is being used. On the other hand, a trend in carbon 
dioxide content in excess of 14 per cent often indicates 
that the bed is burning too low as a result of insufficient 
coke or too much air. With reference to cupola effi- 
ciency, it is desirable to use a minimum amount of air 

a given weight of iron melted. 


Coke Quality Variation—Metallurgical Effects 


Since coke quality affects cupola operation in several 
tys, it often becomes rather difficult to determine 
whether a change in the metallurgical properties of the 
iron is a result of differences in coke quality or of a 
change in cupola melting conditions resulting from a 


change in coke. The matter of carbon pickup is, of 
course, dependent not only on coke quality but also 
on other melting conditions within the cupola 

It has been definitely proven, however, that higher 
carbon cokes, pitch coke being an example, will result 
in a greater carbon pickup in the cupola Similarly, 
low-carbon cokes will produce lower carbon irons It 
is also entirely probable that the amount of inocula 
tion needed to correct undesirable structures in iron 
may be related to some property of coke it is known 
that iron held in the well of a cupola will often show a 
decrease in chill, particularly if it is hot and the coke is 
of good quality. It is a fairly well-known fact that if 
the iron runs cold because of a decrease in coke quality 
or a change in melting conditions in the cupola, which 
in turn were caused by a change in coke quality, the 
iron will show an increase in the amount of undesirable 
graphite structure. 

It may also be possible to attribute an increase 1n 
chilling tendency of the iron to lower coke quality, the 
composition being the same. Some cupola operators 
have observed or rather attributed unsoundness of iron 
and defects such as interdendritic shrinkage to high 
volatile matter in the coke. This is somewhat open to 
criticism since it is likely that the volatile matter will 
be driven out before it reaches the melting zone 


Summary 


A considerable improvement in coke economy may 
be effected by paying careful attention to the construc 
tion and maintenance of the cupola and the operation 
of the auxiliary devices. Cupolas having stack heights 
of less than 12 ft should be rebuilt or altered in order 
to increase the height to at least 14 ft, and preferably 
more. All air leaks should be eliminated and air-weight 
and air-pressure control instruments installed if they 
are not on the cupola at the present time. Improved 
operation will result if more attention is given to super- 
vision of the charging operation. Undesirable melting 
conditions in the cupola caused by poor charging will 
result in cold iron at the spout. However, by the time 
the cold iron is observed at the spout, it is too late to 
correct the poor charging responsible for the condition 

Proper lighting of the bed is important for short heats 
as well as long heats. It has been found difficult to cor 
rect conditions caused by poor bed-lighting practice 
later in the heat. 

If melting conditions in the cupola are correct as to 
bed height, air to coke ratio, and coke to iron ratio, it 
is entirely possible that a good quality of iron can be 
produced at temperatures below 2750 F. In such an 
event, it is highly important that the loss in tempera- 
ture of the iron after it leaves the cupola is kept to 
a minimum. 

Although the fluidity of the iron or its ability to fill 
a mold depends on the composition, superheat is one of 
the most important factors. Therefore, with lower spout 
temperatures, it is highly important to decrease the tem- 
perature losses during handling so that the iron reaches 
the mold at a safe temperature. There is hardly any 
cupola operation that cannot be improved in some re- 
spect with reference to obtaining more uniform iron 
temperature, higher iron temperatures, and the use of 
less coke. 
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VARIABLES AFFECTING CARBON CONTROL 
IN CUPOLA OPERATION 


W W. Levi 
Metallurgist, Lynchburg Foundry Co. 
Radford, Va. 


IT Is THE PURPOSE OF THIS PAPER to discuss some 
of the variables which affect carbon control when melt- 
ing iron in the cupola, and to present an equation, 
based on a knowledge of these variables, for calculating 
the percentage of carbon to be expected in the iron at 
the cupola spout. This procedure has been used suc- 
cessfully over a period of several years in the foundries 
of the company with which the author is associated and 
extensive laboratory records are on file. 

The ultimate objective of cupola operation covers 
many items. Among these is the delivery of good, hot 
iron to the pouring stations at a rate equal to the de- 
mands of the molding department. Another is that 
the iron must be of the proper composition and of the 
highest quality commensurate with the type of castings 
being produced. Good “carbon control” is one of the 
prerequisites for “quality control” and, in the opinion 
of the writer, these terms are practically synonymous, 
although the importance of the balance of the chemical 
composition must not be overlooked. 

The amount of carbon in our cast irons has more 
influence on the physical and mechanical properties 
of the castings than any of the other ordinary elements 
entering into the chemistry of the iron. (Alloying 
elements and inoculants bring about certain changes 
due in part to their influence on the amount of graphite 
or combined carbon in the iron and, of course, in part 
to the effect resulting from being taken into solution 
by the matrix.) 


Carbon Equivalent Calculation 

One of the accepted equations for the calculation of 
carbon equivalent (C.E. — %T.C. + 0.3 (%Si + %P) 
demonstrates clearly the importance attached to the 
percentage of total carbon in the iron. It means that 
the percentage of total carbon exerts about three times 
as much effect on the properties of the iron as do either 
silicon or phosphorus. In other words, the foregoing 
equation “indicates that a change in carbon necessitates 
an inverse change in silicon and/or phosphorus of 
approximately three times the magnitude” if we are 
to maintain the same structure and hardness in castings 
having equal cooling rates. 

Furthermore, it is well known that the silicon con- 
tent of our irons can be increased when necessary by 
the addition of ferro-silicon after the iron has been 
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melted. Conversely, for some applications an excess of 
silicon (as determined by chill-test) can be compen. 
sated for by the addition of some sort of stabilizer such 
as ferro-chromium. 

Sulphur can be increased or decreased after the metal 
has been melted. Manganese can be increased and lik: 
wise phosphorus if desired. In contrast with the ele 
ments just mentioned, it is practically impossible 1 
increase or decrease the carbon content of the iron 
after it has been tapped from the cupola. This applies 
particularly to the composition range covering the bulk 
of our commercial gray iron castings. Furthermore, in 
certain applications, such as permanent mold irons, a 
deficiency in total carbon cannot be satisfactorily com 
pensated for by an increase in silicon. 

An excess of total carbon in these applications can- 
not be taken care of quickly as we have no way of re. 
ducing the carbon content; the silicon cannot be re. 
duced and, in some of the irons in question, the addition 
of stabilizing alloys or inoculants is out of the question 
due to the detrimental effects on the finished product. 


Controlling Total Carbon 

In view of the foregoing it is obvious that we must 
make every effort to control the total carbon in the iron 
at the cupola spout so that it will be in the range most 
suitable for the castings being produced. Some of the 
factors which affect the percentage of carbon in the 
melted iron are listed in the following paragraphs. 

1. Type of Coke Used in the Cupola Bed—Some types 
of coke lend themselves to greater carbon absorption 
by the molten metal than others. Bed height also has 
an effect on carbon pickup, especially in the first iron 
melted at the beginning of a heat, although it is as 
sumed that the bed height has been properly and 
carefully adjusted in accordance with good practice. 

2. Amount and Type of Coke Used Between Charges 
—As mentioned in the preceding paragraph, some types 
of coke lend themselves to greater carbon pickup than 
others. The company with which the writer is con 
nected uses three different types of coke, either singly 
or in combination, to help maintain carbon control. 
These are by-product, beehive and pitch cokes. The 
by-product coke is used alone when low to medium 
carbon irons are being produced, and the beehive coke 
is used when higher carbon irons are melted. The pitch 
coke, all other things being equal, produces the hottest 
iron and results in a greater carbon pickup than is real 
ized when using either of the other cokes. It is always 
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in combination with one of the other types, and 
inations of the other cokes (without pitch) are 





ently used. 

Carbon Content of Ingoing Metal Charge—If we 
control the amount of carbon in the iron at the 
a spout we must have an accurate knowledge of 
ymposition of the ingoing charge, including the 
ntage of carbon in the charge. This is easily de- 
ned provided we know the carbon content of the 
is components. We can and should make deter- 
tions for total carbon on each carload of pig iron 
d with the same care and accuracy used in deter- 
ng silicon, sulphur, manganese, and phosphorus. 
wise, we have records of total carbon in our own 
scrap and gates. The use of large percentages 
irchased scrap should present no particular prob- 
1s the composition, including total carbon, of the 
is types is quite definitely known. It is granted 
carloads of mixed scrap present a problem and 
nts might have to be sorted according to classifi- 
mn. The best and simplest way to avoid these diff- 
es is to instruct the party responsible for the pur- 
ising of scrap to insist that any one carload contain 

one type and not a mixture of several kinds. 
In comparing notes on cupola charges, foundrymen 
metallurgists frequently refer to a mixture as 
. taining a certain amount of steel, 50 per cent for 
xample. While the percentage of steel is certainly of 
nterest and importance, the writer feels that this figure 
itself tells only part of the story because it gives no 
dea of the amount of carbon in the charge, and it is 
mn his figure which (as will be shown later) determines 
he amount of carbon in the iron at the cupola spout. 


. lo illustrate, three cupola mixtures are tabulated: 

. A) 50% steel containing ... 0.30% T.C 
t 50%, pig iron containing .. 1.20% T.C. 

Carbon in charge .. 2.25%, 

B) 50% steel containing ...... .0.30%, T.C 
- 50% cast scrap containing .. oe. ay i ot 
on Carbon in charge ..........1.60% 
ost meee - P 
h ( 25%, steel containing .... .- O50 TA 
ne 75% cast scrap containing .. . 2.90% T.C 
he Carbon in charge ......... .2.25% 





From this table it is evident that mixtures (A) and 
(B) will not produce irons of the same carbon content, 
when melted under like conditions, in spite of the fact 
that each contains 50 per cent of steel. Likewise, mix- 
tures (A) and (C) will produce irons of about the same 
carbon content even though mixture (A) contains 
twice as much steel as mixture (C). 

4. Accurate Weighing of Materials in Cupola 
Charges—If the calculation of the composition of the 
ingoing charge is to be of any value, we must insist that 
all components of the charge be carefully weighed. 
Weighing equipment must be checked frequently by 
qualified scale repair men and kept in gov xd order. Too 
frequently, when the analysis “gets off,” investigation 
reveals that the iron yard or some other scale ts out of 
order and the charge has been estimated. 

Ihe weighing equipment must be rugged and ac 
curate, sensitive over the range in which it is to be 
used, and intelligently chosen for the job it is intended 
to do. Generally speaking, one set of scales will not be 
satisfactory for weighing all of the materials entering 
into the charge. For example, 50 lb of 50 per cent lump 
ferro-silicon ordinarily cannot be weighed accurately 
on a set of scales designed for heavy loads and where 


Views showing cupola charging method; accurate 


weighing (below) of cupola charge components and 


(left) method of conveying charge to cupola. 
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the smallest division on the dial represents 25 lb and the 
tare weight of the charging car and bucket may be 
3,000 or 4,000 Ib. 

Assuming that the scaleman works to an accuracy 
of plus or minus one division on the scale dial, his error 
could then be plus or minus 25 Ib. This represents 
12.5 lb of silicon, which in turn means a possible vari- 
ation of 0.50 per cent silicon in a 2,000-lb charge. This 
is not a hypothetical case as these figures represent a 
set of conditions which actually exist at one of this 
company’s plants. For weighing materials used in 
quantities up to about 50 lb an ordinary spring scale 
has been found to be quite satisfactory. 


Silicon Variations 

Reference has been made here to the possible varia- 
tion of percentage of silicon in the iron resulting from 
inaccurate weighing of ferro-silicon, and the reader 
may well ask what bearing this has on carbon control. 
It is well known that, all other things being equal, the 
carbon pickup during melting will be inversely pro- 
portional to the percentage of silicon present in the 
iron at the cupola spout. This will be discussed in more 
detail later in the paper. 

For weighing 100 or 150 lb of silvery pig iron a port- 
able platform scale of 500-lb capacity is used. Coke 
is weighed on the same type of scales and the equipment 
need not be expensive or elaborate. Containers used 
for coke may be scrap steel drums cut in two with 
handles welded to each half. The gross weight is 
marked on each container and, for convenience and 
ease of handling, the coke is weighed in batches of 100 
lb or less. Plant layout and conditions will determine, 
at least to some extent, the type of weighing equipment 
to be used. However, this subject should be given con- 
siderable thought and attention as there is no substi- 
tute for accuracy in making up cupola charges. 

5. Tapping Technique—All of the cupolas operated 
by this company are of the front-slagging type which, 
of course, means that iron flows from the taphole con- 
tinuously from start to finish of the heat. At no time 
is there any appreciable accumulation of molten iron 
in the well of the cupola, but the small amount which 
does collect remains at a constant level because it flows 
out as fast as it is melted. Front-slagging cupolas possess 
many advantages over those tapped intermittently, in- 
cluding uniform carbon pickup, which is one of the 
essentials of carbon control. 


Front-Slagging Cupolas 

Other advantages include hotter iron at the cupola 
spout; no need for a slag hole with the usual loss of 
blast and occasional shutdowns for making repairs, 
flow of metal from the cupola may be stopped by shut- 
ting off the blower, thus eliminating the need for “bots” 
in the breast hole. This not only makes a safer opera- 
tion, but also it is practically impossible to run cupola 
slag into the pouring ladles, as frequently happens when 
the man tapping the cupola leaves the breast hole open 
a little too long or a bot accidentally comes out. 

In cupolas which are tapped intermittently the 
amount of molten iron in the well may range from sev- 
eral tons (in the larger cupolas) to practically none in 
the few minutes required to make a tap. This means 
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that the depth of iron within the cupola is co: 
changing, and under these conditions the carbo: 
up is apt to be less uniform than when the ; 
removed as fast as it is melted. 

It is not inferred that uniform carbon picku; 


cupola cannot be obtained with intermittent tapping 
but it requires a little closer supervision. An exac; 
tapping cycle must be established, and the time between 


taps must then be maintained by means of a stop watch 
Frequently, with intermittent tapping, a cupola tay 

) 8 a 
per can see no harm in allowing the time between taps 


to vary 10, 20 or 30 seconds, although actually this ma) 
be a high percentage of the established time cycle (be 


tween taps) , and variations of the magnitude just mer 
tioned may materially affect the percentage of total] 
carbon in the iron tapped, especially in mixtures con 
taining high percentages of steel. 

6. Other Factors—Generally speaking, any chang 
made in the operation of the cupola which results in 
higher metal temperatures at the cupola spout wil] 
result in somewhat higher total carbon in the iron 
These changes include an increase in coke between 
charges (reducing coke ratio) , increasing blast pressure 
with attendant increase in melting rate and tempera 
ture, preheating the cupola blast, and others. 


Weighing Blast Air 

Accurate weighing of the air used for the blast j 
another essential to good carbon control. It is wel 
known that for every pound of iron melted, practical) 
one pound of air is required. It therefore seems logica 
that a raw material used in quantities nearly equal it 
weight to the tonnage of iron melted be metered o1 
weighed with the same care as the metallic components 
of the charge. Variations in the weight of air blown 
into the cupola will affect melting rate and melting 
temperature, and these variables will in turn affect cai 
bon pickup, as discussed in the preceding paragraph 

Conditions within the cupola must be kept as un 
form as possible from day to day as well as throughou' 
the duration of a single heat. Moisture content of the 
blast has its effect on carbon in the iron at the cupola 
spout, a low moisture content resulting in higher car- 
bon than a high moisture content, all other things being 
equal. It is well known that the moisture content o/ 
the blast may vary from 2 grains per cu ft to 12 grains 
per cu ft, depending upon conditions as well as the sea: 
son of the year. Furthermore, the moisture may var 
within the limits referred to during the course ol 4 
single day’s operation. 

There are 7,000 grains in one pound. Now let us 
consider the possible variation in the amount of water 
carried into a cupola with the air blast when melting 
200 tons per day, as is often the case at one of the 
foundries being discussed. This operation will requir 
about 5,200,000 cu ft of air, so that the water blown 
into the cupola will be between 1,500 Ib (180 gal) and 
9,000 Ib (1,080 gal). 

From these figures it is evident that the control o! 
elimination of a variable of such magnitude is wel! 
worth consideration. For this reason equipment for 
controlling moisture in the cupola blast was installed 
at one of the plants of the company. 

The installation is designed to remove moisture from 
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(0 cu ft of air per minute down to 4 grains per cu ft 
summer season, and also is capable, in dry 
her, of introducing as much as 7 grains per cu ft. 
winter season it is necessary to add moisture to 
cupola blast in order to maintain a year ‘round 
stant control. 
\Vhile it so happens that this company has installed 
isture control system for maintaining a year ‘round 
rm moisture content of 4 grains per cu ft of cupola 
last, this figure in itself is not particularly signifi- 
t. Whether the system be designed for 2 grains or 
rains or any other figure, the significant feature is 
{ variations in moisture content of the cupola blast 
been eliminated. 
[he balanced blast type of cupola helps to maintain 
sood uniform conditions within the cupola from start 
) finish of the heat, and is particularly helpful when 
heat is of long duration. Five of the seven cupolas 
perated by the company are of the balanced-blast type, 
each equipped with one row of main tuyeres and two 
rows of auxiliary tuyeres. The main tuyeres are pro- 
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vided with slide valves so that they may be opened o1 
closed at will during the course of the heat. 

Two of the main tuyeres diametrically opposite are 
closed at the same time so that the area directly in front 
of them is heated to a temperature sufhci ntly high to 
After 8 or 10 min these 
This procedure 


melt off all overhanging slag. 
are Ope ned and two others are closed. 
is continued throughout the heat, and results in the 
prevention of bridging and blocking-up of the main 
tuyere openings. 

The openings of the auxiliary tuyeres are adjustable, 
but the settings cannot be changed without shutting 
off the cupola blast. The upper, or auxiliary tuyeres, 
bring about more complete combustion of the coke and 
thereby make possible a more efficient cupola opera- 
tion, and in conjunction with the controllable main 
tuyeres the balanced-blast cupolas melt somewhat faster 
and at higher temperatures with the same coke ratios 
than the cupolas provided with conventional tuyeres. 

Auxiliary cupola equipment plays an important part 
in control and uniformity of the molten iron. All cu- 
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Fig. 1—Graph showing method for determination of percentage of carbon in iron. 
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polas in this company’s foundries are charged mechan- 
ically. Mechanical charging usually improves the op- 
eration because it is easier to keep the cupola filled to 
the charging door level at all times during the melting 
operation, and the types of charging equipment used 
distribute both the metal and coke in the cupolas in a 
much more satisfactory manner than is accomplished 
by hand. 

This is especially true with cupolas of larger inside 
diameters, where charging crews often are prone to 
place the heavier components of the charge near the 
charging door opening. In hot weather more of the 
coke charge than should be is placed near the charging 
door in order to protect the “chargers” from heat inside 
the cupola. 

As previously stated, all of the cupolas operated by 
the company are of the front-slagging type. Molten 
iron from the cupolas runs directly into forehearths or 
teapot ladles, where an amount equivalent to several 
cupola charges is stored and mixed, resulting in greater 
uniformity of metal composition than would be ob- 
tained when tapping directly from the cupola into the 
pouring ladles. 

This is especially true when the capacity of the pour- 
ing ladles is small (1,000 Ib or less). The size of the 
forehearth ladle is such that it will hold as much molten 
iron as the cupola melts in 10 to 15 min. From this it 
is obvious that different sizes of forehearth ladles are 
used with cupolas of different capacities. 

After having taken into account all of the factors 
involved and eliminating as many variables as is possi- 
ble the laboratory should keep proper records of all 
cupola mixtures used. They will in time become in- 
valuable to the operator in making up mixtures to 
produce irons of predetermined carbon content and, 
furthermore, will enable him to make a graph or series 
of graphs showing the total carbon level to be expected 
in the iron at the cupola spout when the carbon in the 
charge is known. 


Computations for Percentage of Carbon in Iron at 
Cupola Spout 

Some years ago, Donald J. Reese* prepared an excel- 
lent graph for determining percentage of “carbon in 
iron.” The graph (private communication) is pre- 
sented as Fig. 1 and includes: 

1. A line representing “per cent steel in cupola 
charge.” 

2. A line representing “carbon in iron charge.” 

3. A banded line representing “carbon in iron.” 

4. A line representing “carbon dissolved in melting 
under ideal conditions.” 

5. A line representing “carbon dissolved in melting 
under poor conditions.” 

6. In the area above the banded line representing 
“carbon in iron” Mr. Reese has located a point “X” 
which, of course, represents an unknown percentage of 
“carbon in iron.” In other words, when melting under 
poor conditions it will be impossible to predict with any 
degree of accuracy the carbon to be expected in the iron 
at the cupola spout, as it may fall at any point “X” with- 
in the area in question. 





* Development and Research Div., International Nickel Co., 
Bayonne, N.]. 
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Mr. Reese’s graph presents valuable informa , 
garding the relationship between carbon conte: 
molten iron and carbon content and steel conte: 
centage) of the charge. 

Records have been kept in the laboratories h 
Lynchburg Foundry Co. over a period of more tha; 
10 years in which the effects of changes in perc: tag; 


of ingoing carbon, various percentages of silicon and 
phosphorus, as calculated in the iron at the cupol, 
spout, and the effects of various types of coke and /o 


combinations have all been noted. From the data 
gathered it has been possible to derive an equation and 
draw a graph (Fig. 2) from which “per cent carbon in 
iron at cupola spout” can be predicted when “per cen: 
carbon in cupola charge” is known regardless of the 
relative amounts of steel, cast scrap, and pig iron used 
in the charge. Certain conditions must exist and certain 
practices must be followed in order that data taken 
from the graph be reliable. They are as follows: 

1. Use of by-product coke. 

2. Continuous flow of metal from cupola (front slag. 
ging), or 

3. Maximum tapping cycle of 90 sec if tapping inter- 
mittently. This means 90 sec from the time any one 
“bot” is removed from the breast until the next one is 
removed. it does not mean that the cupola is left closed 
up for 90 sec after the “bot” is put into place. Obvious 
ly, this means that study must be given to calibration 
of the tap hole as iron must be removed from the 
cupola just about as fast as it is melted. 

4. Silicon at cupola spout must be about 2 per cent 

5. Phosphorus in iron at cupola spout must be about 
0.2 per cent. 

6. The graph has been used successfully for “calcu 
lating” carbon in iron at the cupola spout within the 
range of 2.40-3.60 per cent T.C. This, of course, means 
that carbon in cupola charge was in the range of 1.10 
3.50 per cent. 

In Fig. 2, the carbon content of the cupola charge is 
plotted against carbon content of the molten iron at 
the cupola spout. The equation for this relationship is 
as follows: 

(1) T.C. (spout) = K + \% (Q% C in charge — 

2.00%) , where 

“T.C. (spout)” means “per cent carbon in iron at 
cupola spout.” 

“K” is a constant. 

“Per cent C in charge” means “per cent carbon in 

cupola charge.” 
For the graph drawn a value of 2.85 per cent has been 
assigned to K, and this value applies when the six con- 
ditions described exist in the foregoing. The equation 
then becomes: 


(2) T.C. (spout) — 2.85% + % (% Cin charge — 
2.00%) . 

The portion of the graph (Fig. 2) representing the 
range over which it has been used successfully is drawn 
as a band indicating that the carbon in the iron at the 
cupola spout can be expected to fall within a range of 
approximately plus or minus 0.05 per cent. 

The graph is used as follows: Suppose the carbon in 
the charge has been calculated and found to be 2.0 
per cent. A horizontal line is drawn intersecting the 
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Fig. 2—Graph showing percentage of carbon in iron at 
upola spout when percentage of carbon in charge is 
known and certain conditions exist. 


graph at the level representing “2.00 per cent carbon 
in cupola charge.” From the intersection with the 
graph a vertical line is drawn so as to intersect the line 
representing “per cent carbon in iron at cupola spout.” 
This point is found to be 2 .85 per cent, or the percent- 
age of carbon in the iron at the cupola spout. 

Examination of the graph and/or Equation (2) re- 
veals the following: 

1. When the “per cent carbon in the charge” equals 
2.00 per cent, the “per cent carbon in iron at cupola 
spout” will equal 2.85 per cent, or K. 

2. Any change made in “per cent carbon in the 
charge” increases or decreases the “per cent carbon in 
iron at cupola spout” by an amount equal to one-half 
of the change. 

3. Within the range of the graph, it is noted that 
there is always an increase in carbon during melting. 

4. Beyond the range of the graph (where we have no 
data at present) it seems probable that when the “per 
cent carbon in the charge” is 3.70, the “per cent carbon 
n iron at cupola spout” will likewise be 3.70, indicating 
that there is no carbon pick-up at this point. When the 
‘per cent carbon in the charge” exceeds 3.70, it seems 
probable that there will be a reduction or loss in carbon 
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CONDITIONS: 


{. BY PRODUCT COKE USED |! 
2. CONTINUOUS FLOW (FRONT SLAG) 
3, 90 SEC. MAX. TAPPING CYCLE 
4. SILICON AT SPOUT ABOUT 2% 
5. PHOS.AT SPOUT ABOUT 0.2% 
6. “CARBON IN CHARGE” 1.10 - 3.50% 
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during the melting operation. For example, when the 
ingoing carbon is 4.00 per cent, it appears that the 
carbon in iron at cupola spout” will be 3.85 per cent. 

Attention is again called to the practices and condi- 
tions under which Equation (2) holds. If there is a 
change in these conditions a modification is necessary. 
For example, if silicon in iron at cupola spout is more 
or less than 2 per cent, calculation for the effect on total 
carbon is made as follows: Subtract silicon in iron at 
cupola spout from 2.00 per cent. Multiply this differ- 
ence by 0.25 and add the product to the percentage of 
carbon expected in iron at the cupola spout. 

Example 1—Suppose silicon in iron at cupola spout 
is 1.60 per cent. Then 2.00 per cent — 1.60 per cent = 
0.40 per cent. The product of 0.40 « 0.25 = 0.10 per 
cent, which is the amount to be added to the percent- 
age of carbon expected in iron at the cupola spout. 

Example 2—Suppose silicon in iron at cupola spout 
is 2.40 per cent. Then 2.00 — 2.40 —minus 0.40 per cent. 
The product of minus 0.40 « 0.25 = minus 0.10 per 
cent, which is the amount to be added, but adding a 
minus quantity, of course, means that its numerical 
value is subtracted. This relationship has been found 
to be quite accurate when silicon in iron at cupola 
spout is within the range of 1.50-2.50 per cent. The 
effect of phosphorus is handled the same way in quan- 
tities up to 0.60 per cent phosphorus in iron at the 
spout of the cupola. 
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Table | is presented as an example of the effect of 
changing “per cent carbon in cupola charge.” In this 
particular case the change was from 2.36 to 2.62 per 
cent and, as previously pointed out, the increase in 
“per cent carbon in iron at cupola spout” was equal to 
approximately one-half of the change. 

Table 2 shows the effect of different types of coke 
on carbon pickup. It also shows the uniformity of per- 
centage of total carbon in the iron in consecutive ladles 
attainable when all phases of the operation are care- 
fully controlled. 

The author has deliberately avoided making any 
reference to coke charges or coke ratios as any such 
recommendations might lead to difficulties in the cupo- 
ia operation. However, let us assume that a cupola is 
melting good, hot iron and at the same time the carbon 
in the charge is 3.00 per cent. Let us assume further 
that the operator is at some other time called upon to 
produce a grade of iron calling for a charge containing 
only 2.00 per cent carbon and that the weight of the 
charge is 4,000 Ib. 

The carbon picked up by the first charge mentioned 
will be 0.35 per cent, while that picked up by the other 
will be 0.85 per cent, or a difference of 0.50 per cent. 
This means that a 4,000-lb charge with ingoing carbon 
of 2.00 per cent will pick up 20 lb more of carbon than 
the same size charge with ingoing carbon of 3.00 per 
cent. ‘Twenty lb of carbon is equivalent to about 22 Ib 
of coke, so it would be wise to increase the coke charge 
by this amount. 

In other words, when using a charge of such a nature 
that a considerable amount of carbon is absorbed dur- 
ing the melting operation, care must be taken to supply 
sufficient coke to properly melt and superheat the iron, 
after having made due allowance for the equivalent 
amount absorbed by the charge. 

Under certain conditions the cupola practice may be 
deliberately manipulated to bring about some desired 
result. The use of beehive coke alone or in combination 
with pitch coke is a deliberate manipulation intended 


TABLE I1—CARBON ABSORPTION IN CuPOLA MIXTURES— 
Errecrt OF CHANGING PERCENTAGE OF CARBON IN 
CHARGE 
(by-product coke used for melting) 











Materials Charge No. 1 Charge No. 2 
Ib % lb % 
Malleable pig ........ceceeses 300 15.0 300 15.0 
AssOSUROUIVE CREE 5. o.ccccoscccacs 700 $5.0 900 45.0 
Cast iron scrap (domestic) .... 250 125 250 12.5 
Steel scrap pp aih a ieee nies tee 26.5 375 18.8 
|” ee rere ee 100 5.0 75 3.7 
Diamemnese steel onc. tess ewes 120 6.0 100 5.0 
TE. ac c:emin dana ede 2000 100.0 2000 100.0 
Carbon in charge ...........0.. 2.36 2.62 
Coke per charge (by-product) .. 300 300 
| Pere eer er Tet 6.7:1 6.7:1 
Gaston tp foam «osc xnesesi ia $.05-3.20 3.20-3.35 
Carbon at cupola spout ........ Avg. 3.13 Avg. 3.28 


(A) Difference between carbon in charges No. 2 and No, 1 
equals 2.62 minus 2.36 or 0.26 per cent. 

(B) Difference between avg. carbon in iron at cupola spout in 
charges No. 2 and No. 1 is 3.28 minus 3.13 or 0.15 per cent, approx. 
one-half of difference in (A) above. 

NOTE: Silicon in both charges was adjusted to 1.70 per cent 
at cupola spout by means of 50 per cent ferro-silicon. 








CARBON CONTROL IN CUPOLA Op 





‘TABLE 2—CARBON ABSORPTION IN CUPOLA Mix —_ 
COMPARISON BETWEEN BEEHIVE AND By-PpRopuUc Ere 
Materials Charge A Ct 
b % bb 
Silvery pig (8% Si) ........... 100 5 100 
ty eee in kn ba 50 800 
gg ee $5 45 1100 
CO er + sie OOO 100 2000 
Carbon 0 GIBGRE ...6.ce cesses 1.72 
CORE OOF CRMIEE occ ssccescns 250 (Beehive) 250 (B 


Ree CED goon onc btccuakaokwe 8:1 8 


Totrat CARBON IN MELTED IRON SAMPLES TAKEN Froy 
CONSECUTIVE LADLEs OF 2 Tons 





Ladle No. Kan 5 oe 

l 3.04 3.00 

2 3.06 3.04 

8 3.02 3.04 

4 3.02 3.04 

5 3.05 3.08 

6 3.04 3.08 

7 3.04 3.02 

8 3.00 3.02 

9 3.04 3.08 

10 3.06 3.08 

Il 3.06 3.06 

12 3.06 —- 

EE: se eisn cinanens 3.04 3.05 
Carbon pickup per ton. 26.2 Ib (1.31%) 20.0 Ib (1.0%) 


Coke melting ratio ..... 9.0:1 8.7:1 
NOTE: Silicon in both charges was adjusted to 1.50 per cent 
at the cupola spout. 





to produce irons higher in total carbon content than 
could be obtained when melting the same charge with 
by-product coke alone. In other instances, a combina- 
tion of by-product and pitch coke is used to melt 
charges having a lower percentage of carbon in the 
charge than would normally be used when melting 
with by-product coke alone. 

It may be of interest to note that in the author's ex- 
perience, when using “good” coke, any manipulations 
of the sort referred to have always resulted in an in- 
crease in the value of “K” in the equation. On the occa- 
sions when there has been a decrease in the value of 
“K,” it has almost always been traceable to the use of 
coke not intended primarily for cupola use. This we 
have referred to as “bad” coke. In conclusion, the 
author wishes to point out that the equation 

T.C. (spout) = 2.85% + Y% (% C in charge — 

2.00%) 
is a good yardstick for the measurement of coke quality, 
although a discussion of this subject is beyond the scope 
of this paper. 

It is realized that Equation (2) as presented herein is 
not in its simplest form. It could be written as follows: 

(3) T.C. (spout) = 1.85% + (0.5) . (% Cin 

charge) . 

Furthermore, it would probably be well to introduce 
a “coke” factor “f” and assign to “f” a value of one (1) 
for what we consider “good” coke (or a combination of 
cokes) , a value greater than one (1) for “extra good” 
coke, and a value less than one (1) for “bad” coke. 
The equation would then be written: 

(4) T.C. (spout) = 1.85% + (f) . (0.5) . (%C 

in charge) . 

































yy f the most troublesome defects encountered in the sand 
ting of magnesium alloys is the phenomenon called pinhole 
s. These blows show up in a radiograph as round cavities 
They are usually found just beneath the surface of the casting, 
metimes they have a small outlet to the surface about 
fa pin 

This paper deals with some experiments carried out in order 
to arrive at some of the causes of pinholes. In these 
xperiments different types of sand, metal and pouring methods 

re used 
{ flat plate was chosen as a test casting, because foundry 
rs had reported that the pinhole defect is most prevale nt 





PINHOLE DEFECTS occur in epidemics in mag- 
nesium foundries, appearing in large quantities for a 
few days and disappearing as mysteriously as they 
come. At the request of Canadian magnesium foundry 
operators, a study was made of factors influencing the 
formation of pinholes in magnesium castings, and the 
following is a report of the progress made in this 
investigation. 


Type of Pattern 

It was decided to investigate the pinhole phenome 
non by using a test casting in which pinholes would 
be most likely to ocour. At the suggestion of mag 
nesium foundrymen a flat plate (Fig. 1) was chosen, 
is this type of casting is said to produce the most pin- 
holes. It is 10 in. long, 5 in. wide, and 1% in. thick, 
ind each of the two gates is 1 x %¢ in. in cross-section 
No precautions were taken to hold back flux and 
dross in the gating system. 


Pinholes Defined — Counting Method 


For the purpose of this paper, a pinhole is defined 
is a casting defect in the form of a round hole. Thes¢ 
lefects are usually found just beneath the surface of 
he castings. All castings were radiographed and the 

imber of pinholes was determined from a count of 
he negative. Any round cavity with an area less than 
i 14g in. square (145¢ sq. in.) was counted as a pinhoie. 
* Published by permission of the Director, Mines and Geology 
inch, Department of Mines and Resources, Ottawa, Canada 
** Metallurgical Engineers, Physical Metallurgy Research 
boratories, Bureau of Mines, Ottawa, Canada. H. H. Fairfield 
w Foundry Consultant, H. W. Dietert Co., Detroit 
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{BSTRACT 


OF PINHOLES 


on argve flat surtlaces The pPiates cast were 10 in long, 5 in 
wide and \% in. thick. They were gated as shown in Fig. 1 
About 700 castings were made 

When two different conditions were t be ci mpared, the two 


types of molds were rammed up in alternate order and also 
poured off in alternate order. It is he ped that this procedure 
minimized such variables as metal condition, drying-out of 
molds, temperature change during pouring, et 

The cast plates were radiographed and the number of cir 
cular defects determined by count. If a defect was over Ye in 


square, the number of ligX lig in. squares covered was ente red 


as the pinhole count 





If the area was over 14;,¢ sq. in., each 14¢-in. square 
was counted as one pinhole. 

Although the term pinhole is used in this paper, all 
other round cavities have been included. It was not 
possible to identify every defect individually. Section- 
ing of a number of test castings showed that the 
majority of defects had the characteristics of pinholes 
that is, they were found underneath the surface of the 
casting and they had a small opening to the surface 
Chey are smooth-surfaced, globular cavities. 


Melting Procedure 


For the first series of experiments, no special pre 
cautions were taken in melting the metal. It was 
thought that such a procedure would increase the 
formation of pinholes. 

The first melting method was as follows: 

1. Fifty per cent scrap and 50 per cent new ingots 
were charged in a 60-lb. capacity steel crucible. A gas- 
fired furnace was used. 

2. The ingots were preheated to 150 C (300 F), to 
drive off moisture. The scrap charged was sand- 
blasted only. 

3. Domal flux was sprinkled on the bottom and 
sides of the crucible and on the charge to prevent 
undue oxidation. This flux is similar to Dow 310 flux. 

4. The charge was melted down in 20 to 50 min., 
depending on furnace temperature at the start of melt 


ing operation. 

5. At 730 C (1350 F) the original flux cover was 
cleaned off and fresh flux was sprinkled on, dried, 
then stirred in until the metal had a silvery luster. 

















TABLE 1.—VARIABLES INVESTIGATED 





Moisture content of sand. 

Drying-out of molds. 

The use of mold wash. 

The presence of clayballs on mold surface. 
Permeability of sand. 

Sulphur dusting of metal stream while filling mold. 
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6. In order to refine the grain, the metal wa 
to 900 C (1650 F) and held at that tempera 
15 min. 

7. All test castings were poured at 1350 F 
where noted. 

Other melting procedures, used in the last s 
experiments, are described in the body of this 


Additions of boric acid, sulphur, di-ethylene glycol in the mold- 
ing sand. 

Presence of loose sand in mold. 

Interrupted pouring (breaking of metal stream while filling 
mold). 

Flux inclusion entering the mold. 

New sand vs. old sand. 

Sprue size. 

Sand mixing time 

The use of organic binders in green sand. 

Variation in pouring temperature. 

The use of pouring basin. 

Green strength of sand. 

Method of fluxing the metal. 

Method of grain refinement used in melting. 

Preheating of scrap used in melting. 


Molding procedure is described in Appendix 
Sand properties are described in Appendices ‘ 


Analysis and Properties of Metal 


ASTM Alloy AZ80, commonly used in Canada, was 
chosen for this test work. Its nominal composition js 
8.5 per cent aluminum, 0.5 per cent zinc. Appendix 4 
lists the chemical composition of the heats prepared 
in this series of experiments. Very pure ingot metal 
was used. The rather high iron and silicon contents 
shown in some melts are due to contamination fron 
the use of unselected scrap metal. 





TABLE 2.—EFFEcT OF Motp GAs PRESSURE ON PINHOLES 


























-———— Melting Method ————_, Average Difterence Significance 
Experiment Grain Test No.of between No.of Standard of 
No. Flux Refinement Preheat Conditions Pinholes Averages Castings Deviation Experiment 
ba N J —_ | 
5 Solid Superheat Ingots only esc skin dry — 19.3 ; a Significant : 
: Normal 14.3 6 35 —— 
40 Cly CCl Ingots only Mold wash, skin dry 8.7 5.6 6 21 Significant 
2 Solid Superheat Ingots only ~ _ no 27.3 . Significant 
; 6 4. 
32 Cl» cCl, Ingots only 80g oe 2.7 6 vo Doubtful 
33 Cl» cc Ingots only en —— oo 2.4 ; oo Doubtful 
. i 19. 6 10. 
9 Solid Superheat —_—Ingots only rn = ed 4.8 =. : Inconclusive 
8 6 13 a 
3 Solid Superheat Ingots only ae news ame = ae 75 6 oe Doubtful 
ili 0 6 6.0 ei 
4 Solid Superheat Ingots only tment fn 371 6 ane Significant 
1 bilit 10 6 4.6 —_ 
17 Solid Superheat Ingots only ed cemmeaibiiine = 35.4 6 33.0 Significant = 
E 
TABLE 3.—EFFECT OF Factors WHICH INHIBIT OXIDATION 
“———— Melting Method ————_, Average Difference Significance 
Experiment Grain Test No. of between No.of Standard of 
No. Flux Refinement Preheat Conditions Pinholes Averages Castings Deviation Experiment 
, Normal 112 6 2.2 
1 Solid Superheat Ingots only No sulphur dusting 152 4.0 6 62 Doubtful 
, Normal 22.2 ‘ 6 7.1 ' 
12 Solid Superheat Ingots only Sta, haste acid in cond 757 53.5 6 118.0 Doubtful 
} 18. 6 8.7 
13 Solid — Superheat —_—Ingots only <n css — , ve 122.2 > 50 Doubtful 
h 13.7 6 7.0 
48 Solid Lampblack _ Ingots only ‘on oe a9 0.3 6 78 Inconclusive 
Iph 162.0 6 254.0 
6 Solid | Superheat —_Ingots only ria onher a 144.0 > Pr Doubtful 
h 14.3 6 2.3 — 
41 Cl» CcCk Ingots and scrap an a 78 6.5 6 27 Significant 
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ppendix 5 shows the results of tensile tests on bars 
luring the series of experiments. 


Experimental Procedure 

yr most of the experiments, 12 molds were made. 

six molds represented normal conditions, and the 
r six represented the variable under test. The two 

yes of molds were rammed up alternately and were 
poured alternately. Tensile test bars were poured 
normal green sand at the same time. It was thought 


TABLE 4. 





655 





that this procedure would eliminate as much as pos- 


sible foundry variables such as metal temperature, 
drying-out of sand in molds, etc. Since all 12 molds 
were poured from the same ladle, the effect of any 


series. 

















-EFFECT OF LoosE SAND 


variations of the metal should be the same in both 


In spite of these precautions, perfect experimental 
conditions were not attained. The tendency of mag: 
nesium to burn in the molten state is erratic. 
may account in part for the variations in pinholes. 


I his 














No. 







19 















Experiment 


Flux 
Solid 


Solid 


Grain 
Refinement 


Superheat 


Superheat 


cc 


7~————— Melting Method —-—, 


Preheat 


Ingots only 


Ingots only 


Ingots only 


Average 
Test No. of 
Conditions Pinholes 
Standard 21 
Interrupted pouring 273 
Flux entered mold 30 
Loose sand entered mold 509 
Clean sprue 45 
Dirty sprue 71 
Good molding 11.3 
Poor molding 15.8 


Difference 
between No.of Standard 
Averages Castings Deviation 


3 

8 

3 

8 

6 22 
go ae 
aon 6 33 

6 6.6 
45 . aie 

6 5.6 


Significance 
of 


Experiment 


Inconclusive 


Doubtful 












TABLE 5.—COMPARATIVE EFFECT OF NEW vs. OLD SAND ON PINHOLES 












No. 












Experiment 


Flux 


Solid 


Solid 


Solid 


Solid 


—— Melting Method ———_, 


Grain 
Refinement 


Superheat 
Superheat 


Superheat 


Superheat 


Preheat 
Ingots only 


Ingots only 


Ingots only 


Ingots only 








Average 
Test No. of 
Conditions 
New facing sand 21.0 
Old sand 364.0 
New facing sand 6.0 
Old sand 24.7 
Well riddled old sand 18.6 
Old sand with clayballs 113.8 
New facing sand 
New facing sand with 98 
142.5 


1.25% epsom salts 


Difference 


between No.of Standard 


Pinholes Averages Castings Deviation 


3.43 6 25.4 
6 640.0 

18.7 6 1.7 
6 26.7 

95.2 6 6.4 
6 65.0 

132.7 6 6.6 
6 294.0 


Significance 
of 
Experiment 

Doubtful 


Significant 


Significant 


Inconclusive 











TABLE 6.—EFFECT OF POURING SPEED ON PINHOLES 


























———— Melting Method ————, Average Difference Significance 
Experiment Grain Test No.of between No.of Standard of 
No. Flux Refinement Preheat Conditions Pinholes Averages Castings Deviation Experiment 
on agate ; 14-in. sprue 983 3 
2 %-in. “ 143 3 cones 
22 Solid Superheat Ingots only l-in. “ 124 8 Significant 
ly%-in. “ 34 8 
; 14-in. sprue 267 " 6 551 — 
47 Solid Lampblack _Ingots only i%in. “ 13.3 253.7 6 4 Significant 
Y4-in, sprue 478 6 31 saad 
46 Cl, Lampblack _ Ingots only li fae. "; 95 38.3 6 5 Significant 
Powder : - 
a : None 14-in. sprue 70.0 6 272 ’ 
42 stir \ None Damp scrap li4-in.  “ 99.0 38.0 6 185 Inconclusive 
min. only 
, , 4-in. sprue 26.3 6 16.8 es 
43 Solid Superheat Scrap and ingot 14in.  “ 129 14.1 6 $9 Significant 
%-in, sprue 208 6 15.2 ’ 
45 Cl, Superheat Ingots only 1 ; in. C 10.8 10.0 6 58 Significant 
Yy-in. sprue 17.7 3 
. %-in. “ 12.7 8 
35 Cl, cc Scrap andingots “);, « 143 . 
1y%-in. “ 10.7 3 
4-in. sprue 12.7 ‘ 6 45 
“4 Ch cc None 1i4in. “- 4 0.7 - r Doubtful 
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1—Pinhole test casting. 


Fig. 


Also, the manual skill of the foundry workers is an 
uncontrolled variable. Occasionally a casting was 
made with some variations, such as loose sand in the 
mold, a small difference in the manner of pouring, 
etc. In carrying out experiments in the foundry, these 
variations in manual operations are always present. 
However, if a large number of experiments are car- 
ried out, useful results may be attained. Over 700 
castings were made in this series. 

\ list of probable causes for pinholes was drawn up. 
It was changed and added to as the work proceeded. 
lable | is the final list of variables investigated. 


Results of Experiments 
The experimental conditions and the number of 
cavities counted are recorded in Tables 2 to 8. 


Discussion 
Dietert, Doelman and Bennett! have shown how the 
important phenomenon of mold gas pressure can be 
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tributed to absence of moisture, that could not a 
for the fact that molds which were skin-dried o 
not give so marked an improvement. The sujecrig; 
results obtained with a mold wash may be duc e1 
to improved inhibiting properties of the mold 
or to the hard mold surface which prevents |oos 
grains of sand from being entrapped. 

Following is the mold spray mixture used in thj; 
investigation: 

Liquids: 


Water, 2 parts by volume. 
Di-ethylene glycol, 1 part by volume. 


Solids: 
“Micawash,” 88 per cent by weight. 
Sulphur, 10 per cent by weight. 
“Goulac,” 2 per cent by weight. 
Mix to 45°-50° Baume specific gravity, spray on 
dry at temperature low enough to retain the sulphu 

If a magnesium casting is made without sufficient 
inhibitors in the sand, it will have a black surface 
due to oxidation of the metal. During the course of 
the experiments described herein it was noted that 
pinholes were associated with black surfaces on the 
castings. It seems reasonable to conclude, therefore 
that surface burning of the metal is connected wit! 
pinholes. It is possible that the surface burning may 
raise the temperature and in so doing may raise th 
gas pressure at that point. 

Chere is sufficient evidence, from the experiments 
listed in Table 6, to indicate that certain inhibitors 
which will retard the oxidation of the metal, will also 
retard the formation of pinholes. 








TABLE 7.—EFFectT OF MELTING METHODS ON PINHOLES 
Melting Method ————— Average Difference Significanc 
Experiment Grain Test No. of between No.of Standard of 
No. Flux Refinement Preheat Conditions Pinholes Averages Castings Deviation Experiment 
38 xe Slow melt 10.8 vd 12 5.1 
39 Cl» CCly Ingots and scrap aes ante 96 12 12 28 Inconcl 
Average of 
16 control Solid Superheat Ingots only Normal conditions 15.0 96 
heats 
30 Fast melt 7. : 12 3.74 
»rhez ; Ti 2.0 Doubtful 
3] Solid Superheat Ingots and scrap Sin ensie 50 19 994 0 u 
27 Clo Lampblack Ingots and scrap Normal 6.0 12 3.87 me 
28 Clo CCl Ingots and scrap Normal 6.5 12 3.22 
29 Clo Lampblack Ingots and scrap Normal 3.8 12 1.92 
I 
a 


measured. It can be readily demonstrated that green 
molding sand generates a large quantity of gas when 
heated. One gram of molding sand for magnesium 
may generate over 200 cc of gas when heated to 680 C 
(1250 F). The sudden generation of gas from the mold 
as the metal enters it is called mold gas pressure. In 
Table 5 the experiments in which mold gas pressure 
is considered are grouped together. 
It is evident that each variable which raises mold 
gas pressure tends to increase pinholes, e.g.; 
Higher moisture content of the molding sand 
Lower permeability of the molding sand 
Harder ramming of the molding sand 
More clayballs on the mold surface 
Skin-dried molds coated with mold spray showed 
results markedly superior to those obtained with green 
sand molds. While part of this improvement was at- 





Fig. 2—Two plates from experimental Heat No. #- 2 
showing sound surface at left, and pinholes at right 
Damp scrap was used in melting this metal. 
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Vhen loose sand was dropped down the sprue hole, 
ve number of pinholes resulted. Test molds were 
up with sprues left untrimmed. This would be 
ected to introduce loose sand into the mold cavity. 
Although results were not conclusive, it seems rea- 
ible to believe that loose particles of sand may 
5 pinholes. f 
New sand, prepared with washed, screened and 
1 core sand, gives fewer pinholes than old mold- 
sand. The reason for this is not clear. Old sand 
; have a greater tendency to form clayballs. When 
clayballs were carefully removed (Experiment 8), 
sand gave results comparable to new sand. It is 
so possible that there are organic compounds 
ed in old sand as well as magnesium sulphates. 
se compounds may have some effect in producing 
holes. It has been suggested that old sand may 
save a higher mold gas pressure due to the accumu- 
ted fines. Fig. 4—Battelle Memorial Institute test casting 
Flat surfaces are more prone to have pinholes than ) 



























TABLE 8.—EFFECT OF FACTORS OF MINOR IMPORTANCI 













Melting Method ————— Average Difference Significance 
riment Grain Test No. of between No.of Standard of 
No Flux Refinement Preheat Conditions Pinholes Averages Castings Deviation Experiment 





























15 min. sand mixing 148.3 6 240 
as Solid Superheat Ingots only 3 min. sand iar 181.6 33.3 6 319 inconclusive 
Normal 8.7 6 3.6 
9 Solid Superheat Ingots only Gamaic blader 108 9 1 6 $9 Doubtful 
2( Solid Superheat Ingots only Pouring temp.: 1450 F 31 l 
14 l 
1400 | 23 l 
59 l 
1350 I 28 l 
20 l Inconclusive 
1300 F 37 l 
l 
1250 I l 
l 
1200 F l 













Normal 9.0 i 6 $1 







lo ; ) , ua 2 9 AF I lusive 
Cl» CCl, Ingots only $-in. pouring basin 78 l 6 9 45 nconclusive 
4.4 Green Bond 15.0 6 1.8 
Clo CCl, Ingots only 74 Geese Bend 16.5 15 6 9 Inconclusive 












3—Machined surface of specimens shown in Fig. are rounded surfaces. Surface area of metal exposed 
{bout +, in. of metal was removed from the surface is greater in flat plates or surfaces. This means a 
f the castings. The center specimen ts a section of the greater chance for oxidation to take place and also 
ight-hand specimen. Note that in two castings poured a faster cooling rate in the liquid metal. It is pos 






sible that gas is present in the liquid metal in the 
mold as: (a) mechanically entrapped gas; (b) gas com- 
ing out of solution in the metal; (c) gas forced into 
the metal from the mold; or (d) gas produced as a 
result of burning of the metal. The extra heat pro- 
duces a higher gas pressure. 


m the same ladle, a great difference in the number 
of pinholes can occur. 










the mold surface. The mold surface generates gas 
which has a tendency to enter into the molten metal. 
The metal in the mold cools rapidly and loses its 
fluidity. 





; : The nature of the rapidly changing phenomena 

: / inside a mold during and after pouring can only be 
_ ; : surmised. In the opinion of the writers the following 

i reactions take place: The first inrush of metal heats 

tis 

: 
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INCHES OF SOUND METAL 














Sotip FLux 


CHLORINE FLUX 
Fig. 5—Radiographs of sections of wedge castings. 


There is a balance reached between (1) the gas pres- 
sure generated in the sand, (2) the pressure exerted 
by the metal, and (3) the decrease in fluidity of the 
metal. The soundness of the casting is dependent 
upon this final balance. If pinholes occur, they can 
be reduced by changing the balance in one or more of 
the following ways: (a) reduce the gas generated by 
the sand, (b) increase the pressure exerted by the 
metal, and (c) effect a slower rate of decrease in the 
fluidity of the metal. 

In order to illustrate the effect of physical phe- 
nomena of pouring, molds were made with various 
sprue sizes, 4-in., 34-in., l-in. and 1'%-in. diametet 
As is shown in the eight experiments recorded in 
Table 6, castings poured using the 114-in. sprue always 
showed fewer pinholes. 

It is tentatively assumed that the reasons for better 
results with larger sprues are: 

1. Faster pouring allowed less time for surface 
burning. 

2. Higher metal pressure was developed in the 
mold cavity. 

8. Solidification was delayed long enough for the 
metal to force gas out of the mold cavity. 

It can be visualized, therefore, that each casting 
must have an optimum pouring speed. Pouring tco 
slowly can be one cause of pinholes. Pouring too fast 
may cause other types of defects. 


Effect of Moisture 

Water vapor or hydrogen entrapped in the metal 
during melting has been shown to be a major cause 
of metal porosity. § 

When heats of metal were made with wet or un- 
heated scrap, the number of pinholes was much higher 
than normal. These plates showed a black burnt 
surface. It appears that hydrogen acts somewhat as 
a catalyst in promoting surface burning of the metal 
in the mold. 
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Paste ¥.—SOME Mayor CAUSES OF PINHOL: 





Condition Remarks 


High mold gas pressure Any change in the moldin, 
which reduces the gas pres 
the mold will cause a r 
in the frequency of pinholes 
changes include: 

Raising the permeability 
lowering the moisture, 
softer ramming, and 
drying the mold. 

For the mold under test, faster 
ing resulted in markedly fewer pin 
holes. It would seem that there j 
an optimum pouring rate f 
casting. 

Melting technique Pinholes can result from ¢ 
melting practice. Solid flux used i; 
magnesium melting is hygroscopi 
and, if carelessly handled, intr 
duces moisture into the melt. A 
melting tools, and all ingots an 
scrap charged in the furnace, should 
be cleaned and heated prior t& 
melting operations. Failure to tak« 
these precautions will cause forma 
tion of pinholes in the castings 

Dried molds coated with a mold wash 
had fewer pinholes than green sand 
molds. 

Castings molded in old sand had 
more pinholes than castings made 
in new sand. 

Clayballs A typical batch of used molding sand 
was screened through a l4-in. mes! 
screen. The lumps of sand remain 
ing on the screen were placed on 
the pattern and rammed up in the 
mold so that they were at the mol 
face. The castings so made had a 
much greater number of pinholes 
than castings made with careful! 
screened sand. 


Pouring Speed 


Hardness and dryness 
of mold surface 


Old molding sand 





TABLE 10.—SOME MINoR CAUSES OF PINHOLES 





Condition Remarks 


For the particular casting invest 
gated, no difference was o! 
served with sulphur ranging 
from 5 per cent to 10 per cent 
Below 5 per cent sulphur, how 
ever, pinholes occurred in greate! 
numbers. 

Moisture variation within plus 
and minus 0.4 per cent of th 
optimum temper had no appré 
ciable effect upon pinhole fo: 
mation. 

Green deformation of sand _ Below 0.013 in. deformation, more 
pinholes are found. 

Dusting the stream of metal while 
pouring inhibits the formation 
of pinholes. 

There is evidence to indicate that 
glycol additions in the molding 
sand inhibits the formation of 
pinholes. 


Sulphur content of sand 


Moisture content of sand 


Sulphur dusting 


Di-ethylene glycol 





Heat No. 42 (Table 6 and Figs. 2 and 3) which we 
made from damp metal that was not preheated befor: 
charging, illustrates the effect of moisture in the (or 
mation of pinholes. When the metal was poured 
through a \4-in. sprue the plates were covered wit! 
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Fig. 6 (left)—Radiograph of a typical test casting fluxed with a solid flux; (right)—Radtograph vf a 
typical test casting fluxed with chlorine. 


pinholes, but the same metal poured through a 11,-in 
prue gave results little worse than average. It is 
ssumed that the plates which were poured slowly 
id more time to burn before the mold was filled. 
Metal which had been properly degassed (such as 

at No. 44) did not burn when poured through a 

in. sprue, and showed the normal number of pin 


Even if the dissolved hydrogen does not produce 

nholes in large numbers, test results indicate that 

vill increase the number of pinholes. It is reason 
to expect this result, as dissolved gases produce 

holes in other cast metals. 

it is possible to keep hydrogen out of the melt, by 


preheating all the metal charge and by exercising car: 
that all tools and flux used are thoroughly dry. Flux 
ing with chlorine gas will remove hydrogen from the 
melt, and for this reason chlorine fluxing is preferable 
to the use of solid fluxes which tend to by hygroscopic 

In order to find out if melting method*® had an 
effect upon pinholes, several methods were tried out 

Fluxing was accomplished either by stirring in a 
solid or by bubbling a gas through the metal. The 
solid flux was similar in composition to Dow 310 flux 
The gas used was chlorine. 


* Results of investigations on melting procedures of magn« 
sium alloys carried out in these laboratories have been published 
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NUMBER of PINHOLES PER CASTING 


Fig. 7—Melting time related to pinholes. 


The gas fluxing results in sounder metal (Figs. 4, 5 
and 6). Gas fluxing also gives stronger metal (Appen- 
dix 5). There is not enough evidence to prove con- 
clusively that gas fluxing reduces pinholes. 

Three methods of grain refinement were employed 
in these investigations:* 

1. Superheating at 1650 F (900 C) for 15 min. 

2. Lamp black additions. 

3. Bubbling carbon tetrachloride through the metal. 

The superheating method is considered undesirable 
due to the rapid absorption of iron that occurs at 
temperatures above 1400 F. 

An analysis of the effect of melting time upon pin- 


TABLE 1]1.—FActTors INVESTIGATED WITH INCONCLUSIVE 
RESULTS 





1. Green strength of molding sand. 

2. The use of a pouring basin. 

3. Addition of organic material in the sand. 

1. Mixing time for molding sand. 

5. Addition of boric acid in the sand. 

6. Addition of epsom salt. It was thought that old molding 
sand contained a product similar to magnesium sulphate. 

7. Hardness of green sand molds. 

8. Variation in chemical composition of metal (within the limits 
indicated in the appendix hereto). 
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APPENDIX 1.—METHOD OF MOLDING 





1. Facing sand was mixed, aerated, and placed in cove: 

2. Backing sand was mixed, aerated, and piled beside t! 
ing machine. 

3. The pattern was on a matchplate. A jolt-squeeze : 
machine was used with metal molding boxes. 

4. Mold hardness averaged 65. 

5. When two facings were to be compared, the mo! 
made up alternately. 

6. The casting was designed to produce the pinhole phx 

7. No strainers were used in the gating system. 





APPENDIX 3.—PROPERTIES OF MOLDING SAND 





Green 
Per- com- Defor- |} 


Experiment Moisture, mea- pressive mation, 


No. Identification percent bility str., psi in./in. per cen 
t High permeability 1.4 167 78 0.014 78 
Fine sand 5.0 12 9.6 0.011 77 
17. Normal 2.4 126 5.5 0.016 85 
Fine sand 6.0 14.7 8.1 0.020 74 
18 With cereal flour 29 108 3.7 0.025 83 
Normal 2.2 128 5.3 0.019 83 
33. Low moisture 2.0 163 6.7 0.0155 83.0 
High moisture 3.2 134 4.6 0.017 85.5 
34 Low bond 2.1 156 4.4 0.0135 83.5 
High bond 2.3 163 74 0.0165 80.5 
41 10 percent sulphur 2.4 105 6.5 0.015 79 
5 per cent sulphur 2. 122 52 0.015 82 
48 10 percent sulphur 2.4 96 6.1 0.014 815 
5 per cent sulphur 2.3 138 6.1 0.0125 82 
Remainder 
Facing sand mixtures 2.1- I115- 40- O.0O1I- 82 
2.6 167 6.5 0.017 87 
Backing “Old Sand” 2.2- 120- 55- 0.009- 73- 
2.6 185 9.7 0.020 83 





APPENDIX 4.—CHEMICAL COMPOSITION 





Element Range, per cent 


Aluminum 7.50-8.45 
Zinc 0.32-0.71 
Manganese 0.25-0.45 
Iron 0.001-0.026 
Silicon 0.012-0.027 








APPENDIX 2.—COMPOSITION OF MOLDING SAND 





Western Southern Di- 
CoreSand,Lb.  Benton- Benton- Boric ethylene 
Experiment Sand A.F.A. Fineness No. ite, ite, Sulphur, Acid, Glycol, Others, 
No. Mixture No.57  No.179 Ib. Ib. Ib. lb. Ib. Ib. 
Normal 100 1% 1% 4.0 0.5 1.0 
4, 16 Low permeability 100 0.5 45 0.5 1.0 
6 High sulphur 100 134, 134 7.0 0.5 1.0 
6 Low sulphur 100 13/, 13%, 3.0 0.5 1.0 
12 No boric acid (Hz3BOs3) 100 13% 134 4.0 None 1.0 
13 No di-ethylene glycol 100 134 1% 4.0 0.5 None 
14 Epsom salts (magnesium 
sulphate) added 100 13% 13% 4.0 05 1.0 Epsom salts, 1.25 ! 
18 Organic binders 100 1.0 1.0 4.0 0.5 1.0 Goulac, 1.0 Ib 
Casco, 1.0 Ib. 
26, 34 High bond 100 2.0 2.0 4.0 05 1.0 
26, 34 Low bond 100 15 15 4.0 05 1.0 
41, 48 High sulphur 100 134, 134 10.0 0.5 1.0 
41, 48 Low sulphur 100 134 1% 5.0 0.5 1.0 
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-ENDIX 5.—MECHANICAL PROPERTIES OF MAGNESIUM 
AtLoy AZ80 As-Cast Test Bars 





Solid Flux Chlorine Flux 


Method Method 
ber of test bars 108 64 
ige tensile strength, psi 28,080 29 560 
mal range of tensile results (range 
r average of four bars), psi +2,140 + 2,120 
gation, per cent in 2 in. 5.0 to 9.0 5.0 to 9.0 


fetal fluxed with chlorine gas had a tensile strength superior 
hat of metal fluxed with solid flux. 





\PPENDIX 6.—SIGNIFICANCE OF VARIABLES IN CONTROI 





HEatTs* 
Range Best 

Variable Studied Conditions Significance 
Sand moisture 1.4-3.0 2.0-2.3 90 
Permeability 112-134 _ None observed 
Green bond, psi 3.0-7.6 Below 5.3 99.9 
Deformation, 

in./in. 0.006-0.019 Above 0.013 98.0 


Flowability, percent 83-86 _ None observed 


Aluminum, 7.53-8.69 ons 
Zinc, “ “ — 0.34-0.43 — ” 
Manganese, *  0.23-0.50 — ” 
Iron, “ ——“ 0.005-0.019 — ” 
Silicon, * —™ 0.012-0.027 — = 
Melt-down time, min. 19-50 19-42 93 
Heating time from 

melt-down to 

1350 F 5-20 Over 10 min. 98 
Heating time from 

1350 F to 1650 F 10+41 Over 24 min. 99.9 
Total time, in min. 55-105 Over 90 min. 99.0 


*Only heats which were fluxed with a solid-type flux are 
included. The scrap was not preheated for the above heats. 





APPENDIX 7.—CORRELATION OF DATA ON 
CONTROL CASTINGS 





In the course of the experiments described in this paper, a 
nsiderable number of control, or normal, castings were made. 
\ study of the data collected on these control heats was made 
nd some interesting correlations were observed. The method 
f plotting these data for study is shown in Fig. 7. 

rhe relationship between total melting time and number of 
pinholes is quite definite (Appendix 6). It is not proved that 
melting time is a causative agent in forming pinholes. Its con- 
nection with the pinhole phenomenon must be determined by 
further experimental work (or by some logical process of 
re soning). 

The other correlations in Appendix 6 were obtained from 
scatterplots similar to Fig. 7. The evidence obtained should 
serve as possible clues for further investigation. 





holes in 16 heats of normal castings is shown in Fig. 7. 
In these heats, longer melting time is definitely asso- 
ciated with increased pinholes. It will be noted, how- 
ever, that the experiments reported in Table 7 do not 
show a marked difference between the long and short 
melting times. 

The effect of melting time can only be determined 
by collecting a large number of observations in a pro- 
duction foundry. 

An examination of Table 6 indicates that when 
scrap was not preheated in the cases in which the 
solid fuxing method was used, a large number of pin- 
holes occurred in the test castings. However, when 
preheating and other precautions were used, solid 
fluxed metal was comparable (so far as the occurrence 
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of pinholes was concerned) with metal produced by 
other melting techniques. 

When chlorine fluxing was used, damp scrap in the 
charge did not affect the number of pinholes. It is 
proven elsewhere that chlorine removes hydrogen 
from the melt. 

In Table 10 a number of melting techniques are 
compared to the average of 148 test plates made with 
the solid fluxing technique. Further work will be 
carried out in order to get sufficient data for an accu- 
rate comparison between these methods. It is appar- 
ent, however, that diligent attention to detail is more 
important than the choice of melting method. 


Factor of Minor Importance 

Some factors appear to be of minor importance in 
producing pinholes. ‘These are: 

Moisture in Molding Sand: If the sand is near tem- 
per, minor fluctuations as much as *-0.4 per cent 
moisture content appears to have little effect. 

Green Bond: In Experiment No. 34, six plates were 
cast in sand with a green bond of 4.4 psi compression 
strength and six in sand with 7.4 psi. No significant 
difference was observed between these two groups. 

Magnesium Sulphate in the Sand: No significant 
difference was observed between the use of sand with 

.25 per cent epsom salts and the normal mixture. 
This may indicate that the presence of some mag 
nesium sulphate is not the reason for the inferior 
qualities of old sand. 

Pouring Temperature: Varying the pouring tem- 
perature between 650 C (1200 F) and 760 C (1400 F) 
produced no significant difference in the number of 
pinholes formed. 

Conclusions 

As a result of the experimental work, certain con- 
clusions were arrived at concerning the cause of pin- 
holes in magnesium castings. The factors investigated 
are grouped in Tables 9, 10, 11. 

slows and pinholes in magnesium castings are 
caused by a number of conditions in melting, mold 
ing, pouring and gating. 

Moisture or hydrogen absorbed in melting is a 
cause of pinholes. 

Chlorine fluxing reduces the tendency to form pin- 
holes. 

Sulphur, boric acid and di-ethylene glycol additions 
to the molding sand inhibit pinhole formation. 

All factors which tend to increase mold gas pressure 
also accelerate pinhole formation. Pinholes are in- 
creased by: (a) lowering permeability, (b) raising mois- 
ture, (c) increasing mold hardness. Dried molds give 
markedly fewer pinholes than do green sand molds. 

Clayballs have been shown to be a cause of pinholes. 

Pouring speed has a pronounced effect upon pin- 
hole formation. 

Acknowledgments 

The writers an indebted to Mr. J. W. Meier® for 
his advice and assistance in this project. Messrs. Hugh 
Livingstone and H. J. Kozlowski*® supervised all the 
melting operations described herein. 


* Senior metallurgist, Non-Ferrous Section, Physical Metallurgy 
Research Laboratories, Bureau of Mines, Ottawa. 

** Metallurgists, Physical Metallurgy Research Laboratories, 
Bureau of Mines, Ottawa. 








642 


References 

1. H. W. Dietert, R. L. Doelman and R. W. Bennett, “Mold 
Surface Gas Pressure,” Transactions, American Foundrymen’s 
Association, vol. 52, p. 733 (1944). 

2. R. S. Busk, R. F. Marande and W. C. Newhams, “Effect 
of Gas on the Properties of Magnesium Sand Casting Alloys,” 
Transactions, American Foundrymen’s Association, vol. 53, p. 272 
(1945) . 

3. J. DeHaven, J. A. Davis and L. W. Eastwood, “Reduction 
of Microporosity in Magnesium Alloy Castings,” Transactions, 
\merican Foundrymen’s Association, vol. 53, p. 180 (1945). 

4. J. A. Davis, L. W. Eastwood and J. DeHaven, “Grain 
Refinement of Magnesium Casting Alloys,” Transactions, Ameri- 


can Foundrymen’s Association, vol. 53, p. 352 (1945). 


DISCUSSION 


Chairman: W. E, Sicha, Aluminum Co. of America, Cleve- 

land 

Co-Chairman: J. C. De Haven, Battelle Memorial Institute, 

Columbus, Ohio 

Dr. L. W Eastwooo' (written discussion): The authors are 
to be commended for having carefully and meticulously carried 
out their experimental work and preparing a well-written paper. 

The following comment is not iniended to be a criticism 
but is, instead, an attempt at clarification. While there are 
many types of unsoundness in magnesium castings, there are 
two defects which I should like to describe in a little detail. 
rhe first defect occurs as isolated, small, rounded holes generally 
just under the surface and connected to it by a small neck. 
These rounded holes are yg in., more or less, in diameter and 
usually extend an average of 34g in. deep, more or less. They 
are not readily visible on the as-cast surface but appear after 
sandblasting. These defects are isolated, usually only one to a 
casting when they do occur, and in a very serious epidemic, 
one casting out of ten may have at least one of these surface 
holes. This defect is sometimes referred to as “green sand 
blows” because they occur mostly on green sand surfaces. 

The cause of this defect is relatively unknown, and for this 
reason, it is a very serious plague to the magnesium foundryman 
because he does not always know how to reduce their number. 
Furthermore, such small. rounded cavities, which open up on 
the casting surface, are frequently cause for rejection of aircraft- 
quality castings. Some foundries weld these defects, others hot 
peen them so they are not visible. 

The second defect occurs as myriads of gas holes of various 
size and which are produced as a result of the evolution of gas 
during solidification. In aluminum alloys, this defect is referred 
to as “pinhole porosity,” and it is very common when casting 
aluminum. When very gassy magnesium melts solidify, a similar 
defect occurs, but the resulting cavities are usually larger. How- 
ever, they may approach pinhole size when the section solidifies 
fairly rapidly. This defect, in contrast to the preceding one, 
occurs as a great number of small, rounded or angular cavities. 
Good illustrations of this defect are shown by Fig. 4b and 5 
in the authors’ paper. 

Of these two types of unsoundness in magnesium castings, 
the first is difficult for the foundryman because its origin is not 
definitely known. The second is not difficult for the foundryman 
to handle because it is a direct result of a high gas content of 
the melt or of local gas absorption by the melt in the mold 
cavity with subsequent evolution of absorbed gas during solidifi- 
cation. Since the proper methods of degassing magnesium melts 
are now fairly well understood, this type of unsoundness need 
no longer be a real problem in magnesium foundries. 

While the authors may have considered both types of defects, 
they apparently have lumped the two together. Certainly, the 
defects shown by Fig. 4h and 5 are the second type. The 
authors’ paper would, therefore, have much more practical 
value if they could separate these two defects or indicate the 
actual number of cavities observed. Where one or two cavities 
occurred, it probably is a “ereen sand blow”; where many occur 
in clusters, as shown by Fig. 4b and 5, the defect is probably 
a result of the evolution of gas which was once in solution in 
the melt. 

Mr. Nelson has implied that the defects such as those illus- 
trated by Fig. 4b and 5 in the authors’ paper can be eliminated 
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by turning the casting on edge and placing a top ris: 


The inference is that such unsoundness is a result of i. 
cal entrapment of mold gases. 

Such a conclusion would be unfortunate because uns ess 
of the type illustrated by Fig. 4b and 5 in the autho per 


could hardly be accounted for in this way. It is true th: 
gen in solution in the melt will precipitate and then 
the casting. Therefore, if the casting were placed on e ith 
the riser on top, the hydrogen bubbles tend to rise a: :pe 
into the riser, producing a sounder casting than be 
obtained if the same piece were cast in a horizontal p 

This is not proof that the unsoundness is caused by n ini 
cal entrapment of mold gases. It merely indicates : 
hydrogen precipitated from solution in the melt tends rise 
and may escape into the riser if conditions permit. 

Dr. R. F. THOMSON? (written discussion): The authors are 
to le complimented for having recognized and studied the effect 
of some 20 variables on the causes of pinholes. 

I should like to ask what is the height of the downspru 
and was the pattern for the sprue given draft to pri a 
larger opening at the parting line or at the top of the cope? 

The data of Table 6 are of particular importance at this 
time to the A.F.A. Aluminum and Magnesium Division Research 
Committee who are interested in the effect of gating system 
geometry. Our interest centers in the relation of downsprue 
cross section to gate area of the casting shown in Fig. |. Let 
us examine the data of Table 6 from the standpoint of location 
of constriction or choking in the gating system. From the 
geometry of the casting we see the following ratios exist: 


Dimensions, Area, Ratio Sprue 
in in. in sq. in. to Gate Area 
Gate (2) 1x 74 each 0.875 
Sprue \% Dia. 0.196 0.224 
3, Dia. 0.442 0.505 
1 Dia. 0.785 0.897 
11% Dia. 1.767 2.02 


You will note the downsprue area is less than the ingate area 
in all except the 114-in. dia. downsprue. Heats 22 and 35 would 
indicate choking in the ingates to be the preferred method of 
gating. 

Unfortunately this conclusion may not be correct because 
the variation in number of pinholes between Heats 22 and 43 
is greater than the difference between 14-in. and 114-in. sprues 
in Heat 22. As far as I could see, Heats 22 and 43 were handled 
similarly except the charge in Heat 22 consisted of ingots only 
and in Heat 43 it consisted of scrap and ingots. It does not 
appear likely this scrap addition would be responsible for reduc- 
tion in pinhole intensity. I do not believe the authors will 
make any such claim for scrap additions. 

I hope the authors will find it possible to continue their 
investigations on this very important problem as their initial 
work has certainly shown the direction for further fundamentally 
sound research, and is the type of research which pays off in 
decreased price and higher quality light metal castings. 

Mr. Farrrirtp: All these melts were half ingots and half 
scrap, and in Heat No. 22, only the ingots were preheated and 
not the scrap. Heat No. 35 was fluxed with chlorine, which 
removed a lot of the hydrogen and we found that whenever 
we used chlorine, the metal was less sensitive to any agent caus- 
ing pinholes. 

Comparing Heat No. 43 to Heat No. 22, in Heat No. 22 we 
preheated the ingots and not the scrap and in 43 we preheated 
both scrap and ingots so there is a difference in melting 
technique. 

Dr. THOMSON: Perhaps it is an oversight on my part for 
not finding out this difference but the important thing is this 
trend in the first set of experiments and I hope the authors 
find it possible to continue this investigation on this important 
problem. 

C. E. Netson*: Is there any special place in the panels 
where the porosity shows up? 

Mr. Fairririn: We considered trying to differentiate between 
types of porosity, as Dr. Eastwood suggested, but we thought 
we would run into a bias on our own part due to our inexperi- 
ence or inability to distinguish between them. As far as aircraft 
inspection is concerned, a hole is a hole. Therefore we tried 
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ind out the conditions which produce soundest castings. 
re 6 shows the two types of porosity. That is the one type 
solated cavity Dr. Eastwood referred to. That has Ygth 
ined off the surface of the plate. There are a large number 
efects, and they occur just under the cope surface. Now 
o not know what causes that. We have no idea what the 
rence is between those two. All we are able to do is to 
when the condition is not present. 

Fig. 2 there are two castings poured together in the molds 
entical properties. In one mold there was definitely a 
ng reaction. The other casting was fairly sound. You see, 
we were up against when we wanted to evaluate the pin- 

s. As soon as you start saying, “Well, that isn't a pinhole 
that is,” then you are putting personal bias into it. So we 
every cavity that had a circular shape. The castings in 
2 incidentally are quite difficult to cast. 

Dr. Eastwoop: Figure 2 shows the type of defect which results 

n a small blow during a highly localized reaction with mold. 

Fig. 6 illustrates very well the type of defect produced by 
lized gas absorption and reprecipitation. 

Mr. FatRFIELD: Figure 1 shows the gates. In Fig. 4, that is 

ross section or slice in the middle. Actually the pinholes 

not occur close to the gate usually. Usually they are about 
ilf way down the casting. 

Figure | shows the test casting. That is cast with the patterns 

the drag. A casting can have 200 pinholes and you can 
tect it from the surface very rarely. Severe sand blasting will 
pen them up. I do not know what the height of that sprue is. 

Dr. Thomson pointed out that different heats did not give 
he same results. That is right. We could not make all the 
stings the same. The pattern was so sensitive that a slight 
iriation which escaped our observation would make one heat 
vith more pinholes than another. 

Figure 7 refers to 16 heats of controlled castings. We 
nalyzed the data statistically and we mention in the paper 

optimum sand mou:sture, green bond, and deformation. That 
vas obtained from scatter plot charts. That is the spread we 
got in so-called control heat made in our backing sand. 

As to the pinholes, the general average was around 16 per 
ate. The ones definitely without that sand blow would be 
hose under six. That points out that the longer the melting 
time, the fewer pinholes result. We thought that was due to 
slow heating in the charge at the start which drove the moisture 
it before it got entrapped in the liquid metal. 

Mr. NeEtson: I get the impression that most of this porosity 
s the cope surface type. By cope surface porosity I refer to 
porosity just under the cope surface which normally cannot be 
seen until the surface has been thoroughly sand blasted or 
machined. From our experience, the greatest cause of that is 
insufficient venting of the gases from the mold at the time of 
ouring. I believe a little vent at the opposite end of that 
panel would cut down those pinholes, as you call them, very 
much. I think by trapping the metal in there, the mold gases 
have to expand and they will actually penetrate into the surface 
if the molten metal. 

The data in the paper on the effect of permeability of the 
sand illustrates my point very well; where you have high per- 
meability the number of pits is down and conversely with low 
permeability there are a very large number of pits. You might 
possibly explain some of the effect of old molding sand by the 
same principle. I do not know whether the authors have any 
measure of the permeability of their old sand or not but it is 

uite likely that the permeability would have dropped down 
uite appreciably on the used sand. 

We have found the isolated and randomly occurring pits 

blows to be caused by impurities that get into the molding 
sand during use. One of the worst things, of course, is coal dust 

irticles. 

There might be a tendency to get over-anxious as a result 
f seeing this information and I think in actual practice we do 

t have too much trouble in the magnesium foundries with 
ype surface porosity. The main reason for that is that foundry- 
ven will vent the molds and also, if they have a flat surface 

make, they will almost invariably try to get that flat surface 
n the vertical walls or at least onto a slanting section, so that 
ey can vent the mold cavity. One of the first things I tried 
do in the foundy was to try to make flat plates and that is 

e hardest thing I know of to make with any metal. 
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In making the foregoing comments I merely wish to empha- 
size that by actual experiment one can demonstrate the very 
important part played by unvented mold gases as well as gases 
entrapped in the metal while passing through the sprue and 
runner system if turbulence exists. Unpublished experiments 
also show that much of this mechanically entrapped gas can be 
removed to a large extent by passing the metal through a skim 
gate. (Gas is evolved on upstream side of skim gate.) 

The importance of dissolved gases, whether they be in the 
metal from the pot or absorbed during flow into the mold, will 
show after adequate venting is applied and good non-turbulent 
metal flow conditions have been established. In general, porosity 
due to these sources will show up as micro-porosity well within 
the casting walls rather than as pinholes (except in cases of 
gassiness beyond normal occurrence in magnesium foundry 
operations). 

Mr. Farirrietp: I agree wholeheartedly that venting appears 
to be part of the answer. Not entirely, though, We cut a wedge 
riser at the end of that plate and brought it up to the top of 
the mold so presumably we flushed the gas out, but we still got 
pinholes. In foundry practice undoubtedly the venting would 
be of great help. The old molding sand had identical per- 
meability with the new sand. There are several tables of the 
properties in the paper. But, of course, that casting is a very 
tough one to make and the radiograph inspection is probably 
far more severe than any casting would get in normal production, 
So when we say a casting had 20 pinholes you would have to 
look pretty close to find those. In ordinary commercial castings 
it would be quite acceptable, so the situation is not too alarming. 

J. W. Meter‘: I agree with Mr. Nelson on the problem of 
better casting technique but the poor casting design was deliber- 
ate. In other sand casting investigations we encountered very 
seldom these defects, so we had to choose a rather difficult shape 
(flat plate) and to use poor venting to obtain a maximum amount 
of defects for a more convenient study of the effect of varying 
melting and casting factors. The use of poor refining techniques 
and the introduction of scrap without cleaning or preheating 
were aimed to show the effect of a poor quality of the melt 
on the amount of defects. 

All these experiments were made in 1945, just after the first 
publication of the interesting investigations on chlorination and 
grain refinement at the Battelle Memorial Instiute. The worst 
results shown by Messrs. Fairfield and Murton are on melts 
with high content of gases due to introduction of moisture in 
scrap or careless fluxing. In the last series of experiments 
chlorination and grain refining by carbon inoculation was used 
and the results were considerably better. 

I agree entirely with Dr. Eastwood on the problem of im- 
proper nomenclature of defects used in this paper. But since 
this project was undertaken for the practical foundryman, we 
wanted to study the causes of the defects and were not inter- 
ested, at this time, in their classification. 

We intend to continue this investigation giving special con- 
sideration to problems of gating and risering. 

J. E. Linpsay*®: What is the effect of skim gates on the pour- 
ing rate? We regard the use of skim gates as standard practice 
and it appears the consequent lowering of the pouring rate 
would tend to give us more pinholes. 

In one phase of the investigation molding sand (we presume 
used molding sand) was introduced through the sprue and it 
contributed to pinholes. Would the addition of sharp sand con- 
taining no bond have the same effect? 

Has an attempt been made to differentiate between porosity 
in the horizontal cope and drag faces? It would seem that the 
type of porosity caused by absorption of gases from the mold 
(and subsequent re-precipitation) would tend to occur equally 
on cope and drag surfaces. 

Mr. Fairriecp: We did some preliminary work with skim 
gates prior to this investigation and I can only speak from 
personal opinion, not from data, but I think the gating system 
can be so designed so that you can get along without skim gates. 
As I recall, our preliminary work showed no difference in pin- 
hole content with or without the skim gates. I would not speak 
against skim gates. They are very useful to control the flow of 
metal. If you have a given gating setup and you want to pour 
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it a little slower or faster and change the size of the skim gate 
and so control the pouring rate, the same as they do in gray 
iron, that is all rah 

Dr. Eastwoopo: The defect that we called “the green sand 
the top and bottom of the casting and then counted the pin 
used molding sand. I presume it had a coating of clay, water, sul- 
blow” can occur on either the drag side, cope side or on a 
machined the top and bottom and counted the top and bottom 
we used the radiograph. In order to do a thorough job, we 
When we started this investigation. we started to machine off 
should have taken the casting after we radiographed it and then 
phur and glycol and made some gas and started the metal burning. 

The sand we dropped down the sprue was backing sand or 
holes that we observed. We thought we would miss some so 
vertical wall. I believe they occur most readily, however, on 
the cope side. I think the other type of defect, shown by a 
myriad of small holes, is a result of gas evolution during 
solidification. The hydrogen bubbles which formed tend to rise 
in the melt because of their low density. As a result of that, 
they are invariably concentrated on the cope side. The distinc- 
tion between the two types of defects, however, lies in the 
number formed and it seems to me that the distinction between 
the two types of defects is important because you have to know 
first how defects are formed, or you should know how a defect 
is formed, before you can intelligently eliminate it. 

W. J. Kiayer*: I presumed that gate geometry was leading 
to the possibility of the gases coming from the mold. It was 
mentioned that these melts were purposely gassed. Therefore, 
it would seem to me that the 34 pinholes per thousand area 
would be at the rate of solidification. Did you take the time 
it took to fill the mold? That might indicate that where you 
had the 34 holes, inasmuch as it was definitely gassy metal, it 
was still in solution due to the rapid rate of solidification with 
the 114-in. sprue. 

Mr. Fairrietp: I believe you are correct. That was our 
thought in pouring it at different rates. 

Mr. KLAyver: Do you have the figures? 
Mr. Farirriecp: I do not believe we have the time, but that 
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CAUSES OF PINHOLES IN MAGNESIUM ( 








was the idea behind it. If you made a curve of ti 

which the metal cooled, you would get different coo 

and different cooling rates would alter the amount of 
came out of solution. That is, you could take the ga 
and pour it one way and get a sound casting and 
another way and all the gas would come out, so you a1 
in that statement. That is the only theory that we cou 
of to explain why that happened because the molds 
the same. The metal was all the same. The only diffe: 
in the speed at which we poured the mold and pr 
the amount of pressure on the metal when it was poured 

CHAIRMAN DeHAveN: There is a tie-up, too, betw: 
amount of gas in the metal and the amount of gas 
in the mold. In other words, if you are well be! 
threshold value of hydrogen content in the metal, tl 
would not have nearly the chance of adding a little gas 
the mold and causing one of these defects. 

W. Maper": If you increase the rate of solidification \ 
reduce the rate of evolved gases and therefore you will n 
to evolve gases and produce pinholes. For istance, in pern 
mold castings with proper melting there is very little ter 
towards pinhole porosity. Proper application of chills ir 
molds will reduce pinhole porosity. 

CHAIRMAN DEHAVEN: If you increase the rate of solidif 

Mr. Maper: Yes. In this paper we have gone int 
theoretical part considerably but we have to apply this 
to foundry practice. For instance, in melting we have 
use good melting practice. We must melt in good furna 


with little chance of gas pickup. If we use too permeable mo! 


ing sand we are going to get a rough casting. We have to st) 


a balance between great permeability and small permeabili 


Also, we cannot air condition a foundry so we cannot elimin 


gas that way but we can use preheated scrap. We c 


necessarily even need to preheat the scrap if we use comm 


sense and not store metal outside but bring it in and 
dry out. We reduce our pinholes. A lot of the points bi 
out in the paper may be applied to normal foundry pract 
but we must also use common sense in the application in 
duction of practices determined by experiment 
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Data for molding sands 
vs. test temperature of molding sand mixes 
Hot tears: 
in bronze castings 
Radiography of : 
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Used to determine metal tempera ature 
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Ratings 
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Foundry procedure 
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